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Edward N. Wentworth, Professor of Animal Breeding, and C. E. Aubel, Fellow 
in Animal Breeding, Kansas Agricultural Experiment Station 

INTRODUCTION 

Mendelian inheritance applies almost without exception to the trans- 
niission of qualitative characters. Quantitative traits, on the other hand, 
are susceptible only to a generalized treatment from this viewpoint, and 
few investigators have attacked the problem. Size inheritance in animals 
has been dealt with by Castle and Phillips (2)’, Goldschmidt {7), Mac- 
Dowell (10), Phillips (19, 20), and Punnett and Bailey (21), while Detlefsen 
(3) has treated the inheritance of certain skeletal characters. Pearl, 
(15) discovered an arbitrary division point of 30 eggs in the winter laying 
period, of hens, for which inheritance apparently depends on two factors, 
one of which follows an ordinary Mendelian, and the other a sex-linked 
scheme. These determiners provide the nearest to units of inheritance 
that have yet been isolated in quantitative studies. 

Because of the fact that fecundity deviates only by discrete units, the 
litter size in swine provides peculiarly favorable material for studying 
quantitative inheritance. An analysis of this material has already been 
attempted from the biometric viewpoint. Rommel and Phillips (24) 
correlated the size of litters in which dams and daughters were farrowed 
and found a correlation coefficient of 0.0601 ±0.0086. fhey conclu e 
from this result that there is an actual positive correlation between the 
size of litters of two successive generations, believing that size of litter is a 

character transmitted from mother todaughter. TheyrecOonizct lesma 

ness of the coefficient, but believe the indications of inhenUnce are large 
enough to provide a basis for selection. In studying fertility ^hentance 
Pearson and Lee (18) obtained practically similar coefficients with the 
human race and the thoroughbred horse. The range of corre ation was 
0.0418 to 0.2.3; hence, they conclude that fertility is certainly and 

markedly inherited. 

, • Reference ie made by nnnrbec to “ Lit erature cled. p. ..S 9 -r .6 - 
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Rommel and Phillips (24) studied the inheritance only through the 
female hne, taking no account of a possible influence of the inak, George 
(6) correlated the size of litter with that of the paternal and maternal 
grandams, respectively. Only 296 litters were involved in his popula- 
tions; hence, his probable errors were large. But in the dam and 
daughter comparisons he approximated very closely the result obtained 
by Rommel and Phillips. His four coefficients follow: 

Daughter and dam o- 06154:0. 0390 

Dam and grandam • 0343 

Daughter and maternal grandam 0025+ . 0392 

Daughter and paternal grandam oSo^i: ■ 0392 

None of these correlations are three times as large as their probable 
error; hence, none are really significant. 

Simpson (25) approached the problem from a Mendelian standpoint 
by crossing a wild German Schwarzwald boar to a young Tamworth 
sow. The Schwarzwald normally averages 4 pigs to the litter, the Tam- 
worth about II. The particular sow used was farrowed in a litter of n 
pigs, and to the stint of the wild boar farrowed 9 pigs. In the F, genera- 
tion three females were bred, one to a litter mate and the other two 
to sires unnamed. The first sow produced 4 pigs, the others 4 and 6, 
respectively, all in their first litters. The sow producing the 6-pig 
brood was' later served by a pure Schwarzwald boar and farrowed 7 
pigs, being apparently constant for that degree of fertility. One of the 
sows from the brood of 6 gave birth to 1 2 pigs when mated to a pure Tarn- 
worth male. The evidence for a segregation of fecundity factors seems 
fairly clear, although the numbers are small. 

NONGENETIC FACTORS AFFECTING FERTILITY 
External factors play a great part in the realization of the inborn hered- 
itarv capacity for reproduction. Marshall (12, 13) discusses at length 
the 'relation between season and productivity, while the sterility of wild 
animals in captivity or of domestic animals transferred to vastly different 
altitudes is proverbial. Marshall and Evward (4, 5) have both studied 
the effect of “flushing” in sheep, and Eward has conducted some very 
exhaustive investigations into the relation of the various « 

nutrition to litter size in swine. Using the rate of gam breeding to 
in gilts ■ as an indication of the state of nutntion, Eward ^ 
much as an average difference of two pigs per litter in favor of t 
“ill 1 each experimental lot, when compared with the poores p r 
Protein added to a nitrogen-deficient ration (com 
marked rise in the fertility of gilts and a medium nse 111 the fcrtiUt) 

“'tranTstockmen believe that overfatne^ diininiste fecundd^^^^ 
mav be lioth a physical obstruction o f the reproduet^ ^ _ 

Utter it protlucerl.allhotlth 't « sometimes ertended lliroujttou 
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f 't and an adipose degeneration of the sex glands. Whether these are 
really causes of decreased fertility is doubtful, since the best evidence 
shows them to be symptoms of reproductive derangement. 

Overfatness occurs frequently as a result of disturbances in the metab- 
olism, due to loss of secretion from several of the ductless glands, the 
sex gland being here included. Castrating or spaying are known to pro- 
niote obesity ; hence, it is quite reasonable to assume that if testicular or 
ovarian derangement first occurs, then fat deposition will follow. Over- 
fatness would thus merely indicate and not initiate reduced fecundity. 

Market hog raisers usually believe that pure bred hogs are deteriorating 
in prolificacy, in line with the common idea that inbreeding ultimately 
results in barrenness. Bitting, in 1898 (1), investigated the average 
size of the first 200 litters and the last 200 litters recorded at that time 
in the herdbooks of the Berkshire, Ohio Poland-China, Standard Poland- 
China, and Improved Chester White registry associations and found 
that during the period in which registration had taken place the Berk- 
shires had decreased 0.19 pig per litter, the Poland-China had increased 
0.225 pig, and the Chester White had increased o.t pig. Rommel (22) 
investigated the same point for a period of 20 years in books of the Ameri- 
can and Ohio Poland-China associations, comparing the average size 
of litter for the first 5 years with the average for the last 5. The in- 
crease was 0.62 pig per litter among the American Poland-Chinas and 
0.43 pig per litter in the Ohio strain. A similar study by Rommel {22) 
on the Duroc-Jersey covering over 15 years showed an increase of 0.57 
pig. The changes which have occurred here are manifestly opposed to 
the idea that purity of blood lines diminishes fertility. On the other hand, 
the purity of blood can not be credited with the increase, since a constant 
selection for large litters has taken place, although an increased homo- 
zygosis for prolificacy might come about gradually with years of such 
mass selection as ordinary stock breeding involves. 

Hammond (8) has shown that ova may be lost either before or after 
fertilization ; and, still more important, he has discovered that a relatively 
high percentage may atrophy during the earlier stages of embryonic 
growth. Lewis (9) indicated that there may be morphological interfer- 
ences with reproduction, so that fertility may be decreased. He found 
that the sperm cells of the boar are practically all dead after being in 
the uterus for 48 hours, which would, of course, result in a reduced 
fertility. Lewis's results on the viability of sperm differ from tiose o 
Duhrssen (ii), who observed living sperms in the Fallopian tu es o 
woman patient three w’eeks after copulation had taken place, 
importance of this question is probably confined to individual cases. 

Cwtain relatively extraneous characters are popularly t ° 

correlated with high fertility. Many farmers believe that hig type 
or “cold blooded” hogs farrow larger litters than hot 00 e 
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that “Spotted Poland-Chinas" are far more fecund than ordinary strains 
Swine judges commonly consider long-bodied sows more prolific than 
their chubbier mates. A comparison of 1,000 litters of “large type” 
Poland-Chinas with 1,100 litters of “small type" showed no significant 
difference in fertility. The mean for the " large type” was 7.854J-0.0456 
and for the “small type” was 7.89640.0436. Furthermore, thestand' 
ard deviation of the two groups was almost exactly the same, beine 
2.14240.0323 for the former and 2.14640.0309 for the latter', The 
writers have never seen more than isolated instances brought forward 
to confirm the popular ideas on this subject and feel that the bulk of 
such beliefs have resulted from mere advertising schemes. 

Breed certainly has its influence. Bitting (i) has averaged the litter 
sizes for 400 Berkshires, 1,086 Poland-Chinas, and 600 Chester Whites 
with the following results: 

Berkshire 8. 2 j pigs per litter, 

Polarid-China ?• 45 pigs per litter. 

Chester Wnite 8. 96 pigs per litter. 

Surface (26) computed the means and standard deviations in the 54,515 
litters of Poland-Chinas and the 21,652 litters of Duroc-Jerseys studied 
by Rommel (22). His constants follow: 


Mean. Sundard deviation. 

Poland-China 7-435±o oi 2. ©$$±0. 013 

Duroc-Jersey 9 337 ± 2.4274; .016 


The large numbers here involved undoubtedly prove that real breed 
differences in fertility exist. 

Pearl (15, 16) found the number of mamm® to be correlated positively 
with the number at a birth when different species are compared, but the 
coefficient is very low within the species. Parker and Bullard (14) 
correlated the same characters in 1,000 litters of swine and obtained a 
coefficient of 0.003540.0124. The senior author* treated the same 
point in 170 litters of which he had made genetic studies and obtained a 
coefficient of —0,005940,0517. 

These figures certainly demonstrate that the number of mamms m 
swine is not related to fertility; in fact, nothing so far discussed presents 
reliable external characters on which fcrlility selections can be made. 
Apparently fecundity has as profound a genetic as physiologic basis. 


v.\h;e op hf-rdbook data 

There is now on record an immense mass of data relating to fertility 
inheritance in swine, in the volumes of the different breed registry asso- 
ciations. In addition to the name and number of the animal, its p r J , 
breeder, etc., the size of litter in which it was farro w ed is usuall j^s^ 

' Uttpublishcd claU, 
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^j,i5 furnishes opportunity to link together any desired number of 
generations. 

In treating such data, the degree of confidence which can be placed in 
the figure for litter size must be considered. Its accuracy depends on the 
carefulness and honesty of the breeder, the accuracy of the clerks in the 
registry office, and the freedom from typographical errors in the printing 
of the volume. The matter of personal integrity can be accepted to a 
high degree, for fortunately the majority of breeders arc quite reliable. 
Whenever falsification wittingly occurs, the tendency is to raise the 
number per litter; but, owing to the publicity involved in pure-bred 
breeding as well as the personality invested in breeding animals due to 
the registry systems, it is doubtful if litter sizes arc ever exaggerated by 
more than one or two pigs. 

Investigations in color discrepancies, mistakes in parentage, etc., have 
shown that about 2 per cent of errors are involved in the work of registry- 
office clerks and in printing. Some associations arc more careful than 
others, but, of course, none are absolutely free from errors, Unfortu- 
nately' switie books show a relatively greater number of mistakes than 
do those published by breeders of some of the other classes of live stock. 

However, assuming, as has been done, that the bulk of the records can 
be accepted, there still remains a question as to their genetic yalim. It 
is doubtful whether a sow will ever exceed her hereditary possibilities in 
number per litter, but there are many forces that may cause her to fall 
short of that number. Lack of proper nutrition, failure to have all ova 
released or fertilized, loss of ova, atrophy of fertilized ova or embryos, 
and disease may all operate against the complete realization of the 
hereditary make-up. The age at which a sow farrows, the number of 
litters she has per year, and certain other environmental conditions may 
also reduce the litter size. It is interesting to observe that this source 0 
error operates in a compensating direction to that of record falsification, 
when such exists, and in the end the two may counterbalance, althoug 
these physiological and pathological factors operate more 0 
docs the misrepresentation of litter numbers. 

After admitting all of these sources of error, but hoping a e g 
records are made under natural conditions to gi\e t le giires an 
gational value, there still remains the big question o t le gene J 
the somatic expression of the character indicate the g^nmnal goti^ 
condition of the individual? In other words. Dots t ^ 
is farrowed in a litter of eight indicate that it \vi transmi a , ' 
produce litters of eight? The answer very evi ent y ‘ ’ i-eliable 
greater the degree of outcrossing m the ancestra iiies, 1 ■ 

an index of heredity the size of litter is. Yet it - ‘he only ^ -ilex 
obtainable in the study of herdbook records; so lor the p ■ 
have to be accepted for what it is worth. 
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ADVANTAGES OF LITTER SIZE INHERITANCE STUDIES 

Accepting the figures for litter size as reasonably representative o[ 
the hereditary constitution, there are a number of reasons that make 
them desirable material for inheritance studies. The most important of 
these is the fact that the male mated to a female probably does not affect 
the number at a birth. Instead the size of litters a sow produces repre- 
sents the segregation of the tendencies transmitted to her by her father 
and mother. Suppose a sow produces a litter of four pigs and is herself 
from a litter of seven, the seven does not determine in any way the four 
but instead the segregation of some tendency transmitted by her sire or 
dam is represented. The only check available on this tendency in her 
sire is the size of litter in which he was farrowed, while the same holds for 
the dam, e.xcept that her own breeding performance may give an addi- 
tional idea. 

METHOD OF RECORDING THE DATA 


The data on the animals studied were recorded as follows, the figures 
representing the size of litters in which the individuals were farrowed; 

Grandsire 

Animal Dam ^ 

^ ^ Grand am 

9 


The size of litters produced by sows whose sires came from litters 
of four and whose dams came from litters of seven should give an idea 
(through the variations recorded) of the hereditary factors involved. 
It is admissible that all grandamsor all grandsires farrowed in the same 
size of litters may be different in hereditary make-up, but there should 
be enough individuals alike to make the frequency cun-es at least sug- 
gestive. For convenience, the grandparental generation will be let- 
tered "P,” the parental generation “F,,” and the filial generation F,, 
although it is clearly to be understood that this notation does not have 
the regular Mendelian significance. 

deviations per generation 


The mean size of 1,770 Utters in the P generation was 
The standard deviation was z.iSio.zqfii. This gives a 
variability of 27.80 for this generation. 

The mean size of S85 litters for the F, generation w^ 
The corresponding standard deviation was 2.i6±o.34 2 
dent of variability here involved was 27.60. practically e 
of the grandparental generation. 

The mean size of 885 Utters in the F, generation was 
while the deviation was 2 .. 9 ±o. 35 >i. giving a coeffiaent 
of 27-55- ^See Table I.) 


7.84±o.3494' 
coefficient of 

7.82±o.4897. 

The coeffi- 
same as that 

7.91 ±0.4965. 
of variability 
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Table J.—Derviation in size of litlers in mne 


Generation. 

Kumber 

litters. 

Mean, 

; Standard devia- 
tion. 

Coeffifimt of 
variability, 


1,770 ' 
885 
885 

7. 84±o. 3494 
7.82± .4^7 
7 . 9 i± • 49<>3 

1 

2. t8±o. 2461 

2. l6± .3462 
2.I9± .3511 

27. 80 
27. 60 
27- 55 






The mean litter size is quite constant from generation to generation, 
and furthermore quite close to that obtained by Surface (26) for the 
breed in general. If anything of Mendelism is involved here, it is not 
revealed by this method of treatment, for the standard deviation is so 
nearly the same for each of the generations involved as to give no hint 
of segregation. In fact, the coellicients of variability would indicate a 
slowly increasing degree of homozygosis. 

Two interpretations may be placed on these figures. The animals 
studied are either practically constant from a zygotic standpoint, and 
the variations in litter size are due to environmental treatment, or else 
there is so much heterozygosis present in the grandparents that the 
parents are as much F, as F, in hereditary make-up. For the present 
the writers are going to use the latter interpretation, as there is no 
evidence at hand to support a belief in the former. 

Table IL— Deviation in litter size of the offspring from the parenlol generaiion in swine 


BOAR I 


Size of litter of 
parents. 

Num- 
ber of 
mat- 
ings. 

Fi teneration. j 

Fi generation. 

j 

Boar, 

1 

Sow. 

Mean. 

SundanI devia- 
tion. 

Mean. 

Standard devia- 
tion. 

1 

9 

I 

5 ' 

0 

9 

j 

I 0 

I ' 

4 

I ' 

2 ! 

0 ' 

9 1 

i 


nOAR 2 
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Tabi,S 11.— Demation in Utter size of the offspring from the parental gemratin i. 
swim — Cojitmued 


BOAR 4 


Sii€ of litter of 
par eats. 

Num- 
ber of 
mat- 
in es. 

P) generation. 

. 

F»coneratiou. 

Boar. 

Sow. 

Mean. 

Standard devia- 
tion. 

Mean. 

standard devil. 

tiou. 


3 

I 

8 

0 

5 

0 


"V 

3 

7. 66±i. 032 

2. 62 ±0. 723 

8 ±0. 631 



5 

5 

7, 2 ± . 995 ' 

3. 29± . 7022 

7- 6 ± . 5202 

72 i .3671 


6 

7 

8 ± .2887 

1. 13 ± .2037 

7. I4± . 2836 




8 

8, ■; ± . 6S63 

2. 42± .408 

. 5 - 87 ± . 2726 



8 

6 

7 -K 3 ± -5390 

I. 9 S± -3801 

8-83± .7712 

2 - 79 ± -5438 


9 

6 

7, i6± .8127 

2 - 94 ± - 573 ' 

7 - 33 ± 4008 


4 

10 

4 

7 - 2 S± -5092 

I. 5i± .3618 

6 - 75 ± -3844 

I' -2012 

4 

12 

I 

■ 

0 

12 

0 


BOAR 5 


5 1 
5 

S 

5 

5 

5 

5 

5 

5 

5 

3 1 


6 

0 

12 

0 

4 1 

5. 75*0.6407 

1. 92 ±0- 4543 

6. 5 *0. 374,3 

!• nio, 2654 
1-69= .4671 

! 

i 7 ■ 

' 8 


7 ± -3195 

• Si± .2239 

6. 66± .6666 

1 ‘4 

1 11 

8 ± .3118 

1 7.91* -4464 

1. 79± • 2282 

2. 29± -353 

7.21* . 1531 
7.66* .3099 

• 85± , 1083 
1. 59i -2193 

: 16 

1 7-37± -3979 

! 2. 36± . 2817 

7. 56* .408 

2. 42i . 2889 


9 

1 8. 1 1 ± . 3844 

: i.7i± •174 

i 22± . 5S66 

2.6i± .415 


6 

9. 33 ± • 5943 

j 2. 15± .4191 

8.66* .3759 

1.36* ,2651 

II 

: 3 

i 6. 66± .4891 

j 1.24* -3427 

8.33± -3797 

■94* -2598 

12 

2 

! 4 

1 0 

9 

0 


2 



0 


X 

7. 66*0. 8283 

2- I ±0. 5805 

i 


4. 66ii. 1161 

2.8j* .7822 


6 

8. 6 .* .6041 

2 * .4167 

6 

u 

18 

6. 72 -i- . 4^4 

2.26* .3251 


7.05* .2672 

1.68* . 1S88 

8 

24 

7. "8.i: . 

2. 36i .2,300 

0 

1 > 

8. 4 * • 9046 

2. 74 ■* -o.;" 

8 

6.62* .4657 

I 7'* .2885 



9 

2. 32 4 . 6414 

1 2 


7. U) * . 1853 

. 47:b • *29') 




nr>.^R 


3 - 33 i' 
9 - 33 i 
6 . 83 -b 

8.9 ± 

8-5 i 

:• b 
8 ± 
7 - 87 ± 
S T . 


6243 

■4391 

■ 4533 
.4625 
• 2'2 
. 1 S 62 

•047 
• 9075 
. 6022 

t. 1^6 


58 -to 
24 r 
64 ± 
S/i 
80 = 
')>2 
54i 
SS± 


436 ? 

3426 

319? 

'A 

':8 

1313 

03‘4 

4:83 

4SS; 


5 ±0 
71+ . 
2 5.t ■ 
52 i . 
05 ± 
21 ) ± 
37 ± 

5 ± 
66 ± 


8431 

4202 

2177 

3013 

3637 

1958 

533.3 
2596 

594.3 


2. 5 ±0. 

I.62± . 

1 33 ± 

i.95± 

1. Wi 
[. 83 ± 

2 . 23 ± 

I. 54 ± 

2 I 5 ± ■ 


5802 
292 ' 
1541 
2 '35 
184,3 
1363 
3760 
■838 

4191 


8. 5 J;o. 1631 
83 !; . 6106 
7 - 583 : 

7, 4 '± 

7-8 ± 

8. 82± 

6. 62 ± 

8 . 43 ± 

6.5 ± 

4 


3'?* 

254.5 

2077 

4616 

4502 

6109 


,46^ 

I. o5± 
92 i 
:.q4i 

!. 7 t)± 
l . 2l:fc 


.119 

.43! 

, 1691 
,2244 

.ImS 

.1445 

.5254 

.4302 


gar.*®- 
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IT —Demotion in Utter dee of the offspring from the parental generation in 
smru — Continued 



Kujn- 

beroi 

mat- 

ings. 

Pi generation. 

Kj generation. 

Mean. 

Standard devia- 
tion. 

Mean. 

Standard devia- 
tion. 

7 

8 

7. 28±0. 1124 

0. 44±o. 0793 

7 ±0 3193 

i.25±o. 2254 

8.7S± .6721 

2.8i± .4738 

7 - 75 ± • 5572 

2 . 33 ± .3928 


7. 33 ± .2634 

1. 9i± . 1861 

8. 27± .6377 

3. i3± . 45“i 

24 

6 . gi ± ■ 2965 

2. i5± . 2094 

7. 66± .3062 

2. 22± . 2161 

29 

43 

7.86± .2394 
6. 58± .2519 

1. 9i± . 1692 
2 - 45 ± ■ 1783 

7.82± .277 
7.23± .2076 

2. 2I± . 1958 
2. 02± . 1469 

34 

8, J4± . 292 

6. 7 ± . 2219 

2. 32± . 2124 
i.04± . 1565 

8. i7± . 2294 
8. 4 ± . 1462 

1. 98± . 1669 
5.37± .8083 


7. 8 ±1.024 

9 ±1.4061 

±8 ± -7225 

8.6 ± . 512 

2.4 ± .3612 

3 

3 . 5 S± .9895 

9. 66± .8415 

2. 04± . 5639 

I 

9 

0 

10 

1 


5 

S 

7. 83 ±0. 4616 
7. S ± .3898 

6. 7i± .4444 

7. S9± ■ 2232 

7 ± .2663 

7 ± ■3172 

8. 66± .4060 

7 - 75 ± -W 

8 ± . 1686 


9 

13 

I 

7 

9 

IS 

I 

6 


10 

t 

I 

8 

10 

3 

2 

9 ±o- 47B1 

10 

4 

2 

9 

10 

5 

4 

7 ± -4755 

10 

6 

6 

7. 66± . 34 

10 

7 

16 

7.93± -3591 

10 

8 

24 

8. 29± - 2978 

10 

9 

II 

8,9 ± .6153 

10 

10 

14 

6. 78± . 4128 

10 

il 

4 

8. 25 ± .435 

IC 

T2 

6 

8. 5 ± ■ 525 1 

10 

14 

I 

10 ! 


II 

3 

I 

9 

n 

4 

I 

6 

II 

5 

5 

6.8 ±0.0574 

II 

6 

6 

8 ± . 5749 

II 

7 

12 

7.33± •3004 

ii 

8 

4 

8. 5 ± . 1686 

II 

9 

6 

S. 83± .6053 

11 

lo 

6 

7. 5 ± . 3434 

II 

13 

I 

6 

11 

15 

I 

9 


I. 67 ±o .3254 

2 ± .2758 

1. 74 ± • 3138 

1 . 87+ . 1376 

2. oi± .1861 

2 . 95 ± .2377 
2. 33 ± • 2874 
1. 7i± -2883 
• 5 ± "9 
0 
0 


9 

7. 66±o. 4616 
6. 9i± . 44B2 
7. 14± -6065 
S. 53± .2495 
7- 5 ± • 3074 

8. 7ii . 2158 

7. 5.5± .34^>8 

8. 5 ± • 526 
9.25± -3709 


2 .o 5 ±o .3996 

2.3 ± -3173 
2. 35± -4238 
2. og± . 1792 
2. 32± . 2148 
2. io± . 1693 
i.99i -2453 
2.2 ± .3709 
1. 1 ± .263 


I ±0.3372 
o 

I.4i± -3372 


3± 
2. 13 ± 


.2397 

2542 


2. i6± . 2105 


V 02 ± 
2. 29± 

I. 29± 
1. 9 ± 


4343 

.2919 

.3085 

.370 


1.9 ±0.0405 
2. o8± • 4054 
1 . 1;4± -2124 

.5 ± -119® 
2 . 19 ± -4299 

I. 25± ■ 2422 

0 


14 

7.5 ±>-974 
7-5 ±I'974 
7. 25 ± .4957 

8 ± .3897 

8, i3± .4991 

8, 26± . 3787 

8.63± .3586 

7. 57± -2777 , 

9. 5 ± ■ 5598 I 
8.63± .S?”' ' 
8 


8.2 ±0,5111 
6 . 33 ± -4544 
7.85± .3804 
8. 75±i 2107 
g, i6± . 4809 
g66± .4848 


3.5 ±'-1803 
3. 5 ±1. 1803 
i,47± -3319 
J.4l± •4749 
2. 96± . 3533 
2. 69± . 2876 
1. 76± -2331 
1. 54± ■ ^9^3 
I. 66± . 397 
2- 13± ■ 4254 


1.69 ±0.3607 

1. 68 ± ■ 3275 

2. oo7± ■ 2705 

3. 59 ± • 8586 
I. 74 ± - 3394 
I. 69 ± . 3277 
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Tabi.8 11.— Deviation in litter ”<f Parental generation 


BOAR 12 


Size of litter of 
parents. 

Num- 
ber of 
mat- 
ings. 

Fi generation. 

Fj generation. 

Boar. 

Sow. 

Mean. 

Standard devia- 
tion. 

Mean. 

Standard devia- 
tion, 



I 

t 

9 

0 

7 

0 


4 

2 

9. 5 ± 0. 238 

. 5 ±0. 118 

8 5 ± 0. 238 



5 

2 

4 ± -956 

2 ± .6745 

7 

0 


6 

1 

8 

0 

10 

0 


7 

5 

7. 6 ± . 554 

i.85± .3001 

9- 2 ± -399 

i'32i .282 


8 

6 

8.82± .384 

i.39± .27 

8-5 ± -671 


12 

9 

6 

6. S ± • 59t 

2. 14± . 414 

7-83± .387 

I- 4 ± . 272 

12 

10 

I 

It 

0 

10 

0 

12 

II 

2 

It 

0 

8. 5 ± -I'? 

'■ S ± . 505 


12 

I 

10 

0 

12 

0 

12 

13 

2 

7 

0 

H- 

•■ 5 ± ■ 503 


BOAR 13 


6 

3 

8. 66± 

0. 493 

I. 23 ±o .345 

8. 33± 0.185 

8 

2 

9. 5 ± 

•717 

t- 5 ± • 503 

7 

± .950 

9 

2 

It. 5 ± 

•717 

I- 5 ± • 505 

9 

± .956 


I 

10 


0 




2 

7 - 5 ± 

.168 

■ 5 ± •»45 

to 

± -479 

>3 

5 

9.6 ± 

.526 

i. 74 ± .371 

10 

± ■ 958 


0. r^yic. 129 
2 ± ■6(45 

2 ± ,6;4S 

0 

' ± ■ 337 

4 ± ■ 6745 


BOAR U 


10.5 i 0.239 

II 

3 


0. s^-ro, 1686 


INDIVIDUAL EVIDENCES OF SEGREGATION 

Table II U produced by treating the litter size 

and comparing the parental generation with offspnno- o 

fT”- is .,87 ±o.o 549. while the F, mean devnation is ■. 
ao ji The probable errors make these two constants o-r . so « 
the individual treatment when lumped “ 

when the deviations per generation are J ‘ cration from a 

evidences of segregation exist, an "’“"y fragmentary view of 

particular cross is so small in numbers that only a Iragm 
the scgregable possibilities is obtained. 
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jj is possible that 90 per cent of the litter sizes in these tables do 
” tesent the exact genetic constitution, yet it is probable that in 
j greater the disparity in litter sizes between the two animals 
P generation, the greater will be the expected deviations in the 
*■ smaller the deviations in the Fj generation. The following 

Its Table IHi are produced by tabulating the averages of the devia- 

dons on this basis. 

..ITT —Avera/ie deviations in litter sire in llie F, and F, generaiiom of swine 
Table ^ 




9 

I 


3 

4 

5 

6 1 

7 

8 

i 

2. 13 

! 

1 I. So 

1-93 

2.04 

2. 19 

1. 82 

1.32 

1 1. 12 

0-5 

I. 91 

1 I-S 4 

2. 16 

2. 10 

2. 16 

I. 71 

1.72 

1 I' qS 

• s 


}\ deviations 

deviations 

, calculation of the probable errors involved in this table show^s that 
only the difference between the F, and F, deviations where the disparity 
„ Utter si.c is seven pigs is large enough to be mathematically significant. 
The difference when the patents vary from each other by two pgs and by 
six nigs is on the border line between significance and nonsignificance, 
but tL five other columns are distinctly unenlightcning. \et, if the 
difference of two pigs is barred, the results are what might be expected. 

One criticism against the preceding method of treatment is thoroughly 
vi If swine fertility depends on only one or two genetic factors 
is obvious that the point at which the difference between the two parents 
oeSmore impoVtant than the degree of difference. For exainp 1 , 
there is a physiological division point between two hereditary factors a 
iLTi^inTdince of two or even of four below six Pigs m.M no 
be significant while a difference of one more or one less in a litter ol s 
or seven pigs’ would be thoroughly significant. An ^ L 

data from to point of view is now in progress but 
key to the situation will only be discovered by breeding experiment 

CURVES OF LITTER FREQUENCIES 
The distribution of the different sizes of litters m the three generatio 
is given in Table IV. 

Table iV.—LHierfTequenciesins-d-ine 


Generation. 

. 

3 

3 

! 

‘i 

5 

6 i 

i 

7 1 8 i 

afExpected ^ 

1" 

1-5 

9.8 

8d 

108 

134 

ai6 

i 

334 3.0 

300 3^2 
162 185 
149 

162 185 
154 172 

p JExpected 

^Actual 

p JExpccted 

^Actual 

.05 

• 05 

0 

•75 

5 

•75 

4 

4-9 

U 

4-9 

*7 

32 

J 9 

32 

54 

69 

54 

63 

108 

122 

loS 

id ; 


loSi 

91 


2 b 1 6 


S5i 
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Figures i , 2, 3. and 4 show the curves for the litter frequencies in 
three generations and indicate how close the actual numbers of lift ' 
come to the binomial curve (x + y)“ It is perhaps incorrect to call ft* 
theoretical frequencies recorded in Table IV “expectations,” unless it 
clearly understood that they are the expectations founded on the nearest 
binomial. There is nothing in the inheritance to make them true expec 

tations from an experi! 
mental standpoint 

The curve of the actu- 

al distribution spreads 
out at the extremities 

much wider than should 
he expected on a chance 
basis. This is true in re- 
gard to both extremes 
of the curve and makes 
it appear as though the 
curve werecoinpound- 
i. e., the sum of several 
curves having separate 
means from which devi- 
ations take place, .\n 
.analysis on this basis 
gives two small curves 
at the extremes, which, 
while they do not give 
perfect Gaussian distri- 
butions, are characteris- 
tic enough to make the 
assumption of another 



Pig. I —Curve ol litter Irequenacstu the 1’ ceneraui.u ul swine. 

The modes of these three cun'es are as 


mean for each perfectly valid 
follows : 


4 P*5^ litter. 
8 ])cr litter. 
12 pigs perlitter. 


Curve I 

Cun'c 

Cun'c 

It is premature to announce that these modes represent centers of 
deviation for genetic facttjrs. although a casual observation of the in u i • 
ual data makes it seem that this condition mav exist. 
the nifidc of curve i corresponds to the degree of fertility w ne ™ ^ 
states is characteristic of the wild hog. while the mo.le o curve 3 ■ 

close to that of the Tamworth. the most fecund 0 6o.i e la breeds 

This inrheates that the two may represent eon- 

for fertility, respectively, while curve 2 represents heterozN,, 

ditioir . 
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Before these curves 

esurbe accepted as 
jiore than merely sug- 
gestive a further anal- 

sis must be made, 
ytiere is a significant 
deviation from ex- 
pectancy in the right- 

hand branch of the 
eorveof the total pop- 

alation, which persists 
even after the separa- 
tion into three eurv'cs. 

In figure 4 this defi- 
ciency is located in the 
left-hand branch of 
curves, but the minus 
deviations may just as 

logically belong in the 
right-hand branch of 
curve 2, suggesting 
that it also may be 
ofuonnnnded of two 


eoo 


•s/2£ Of' 

g 3 ■* 3 G 7 ff 3 fO j 


g <3 » H 





curves dependent on a 
genetic factor not dis- 
closed thus far. 

Paralleling this 
study some actual 
matings of swine have 
been planned and are 
in progress. 

SUMMARY 
(i)Fertilityin swine 
offers favorable mate- 
rial for the study of 
quantitative inheri- 
tance, because the 
units of deviation are 
discrete. 

(3) Biometric stud- 
ies of litter siie with 
mother and daughter 
have indicated a small 
degree of inheritance. 

(3) Crosses of breeds 
having different mean 
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litter sizes have suggested that segregations of fecundity factors may 
take place. 

(4) Numerous nongenetic factors limit the full expression of the inborn 



in the litter sizes of the dams as compared with the grandparents or 
progenv, as would result if there were homozygous differences for fertility 
in the ‘grandparents. Hence, the fertility deviations are either non- 
genninal or else the degree of heterozygosis is so great in the grandparents 
that no increased variability in the F, generation is possible. Ihe alter 
explanation is probably the correct one. 

(10) The frc(|uencycuiwes for the 3,540 litters studied make 1 app 

that there arc at least three centers of deviation in swine ferti ' 
centers possibly correspond to genetic factors involved 111 the 
of fecundity. 
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tjELATION of green manures to the failure of 
CERTAIN SEEDLINGS 


By E. B. Fred, 

AgricuUwal Bacieriohgist, Agticullural Experiment Stalion of the 
University of Wisconsin^ 

INTRODUCTION 


In a previous report it has been shown that if green manures are turned 
under and the soil planted immediately, a decrease in germination may 
result. For example, a 20-acre field, half in crimson clover {Trifolium 
incarnaium) and half in fallow, was plowed and planted to cotton {Gos- 
sypium spp.) (i 7 > P- 26).* On the crimson-clover plot the cotton failed 
almost completely to germinate. Here and there a few crippled seedlings 
appeared, while on the fallowed plot normal germination occurred. Seed 
from the same lot was used on both plots. The green manure in some 
way seriously affected the germination of the cottonseed. Three weeks 
later the green-manure plot was again seeded to cotton. Germination at 
this time was perfectly normal. Apparently the harmful factor disap- 
peared during the interval of three weeks. 

A more extensive study of the substances affecting seed germination 
and of the factors involved was deemed advisable. The controlling idea 
in this investigation was a study of the effect of green manures on the 
germination of different seeds. In determining the percentage of germi- 
nation, only those seedlings that appeared above the surface are recorded. 

The amount of greeh manure used was determined from the following 
calculation : A good crop of clover should yield from 4 to 5 tons of undried 
green hay per acre. If i acre of soil 3 inches deep weighs 1,000,000 
pounds, then i per cent of green dover is comparable to_ the amount 
employed under field conditions. Except in rare cases this amount of 
green manure was used in all of the laboratory studies. The green plant 
tissue was cut just before blooms began to fhrm, finely chopped, and 
mixed thoroughly with Miami silt loam soil from the Expenment Station 
farm. The soil moisture was maintained at 50 cent saturation. 
All tests of germination are recorded in percentages. Photographs were 
made of the young seedlings two weeks after planting. 

EFFECT OF GREEN MANURES ON THE GERMINATION OF VARIOUS 
SEEDS 


Since it has been shown that seeds of different plants ^ . 

chemical composition, it is very probable that t cy wi reac 
toward green manures. This experimen t was planned to test thi^^ 

’ Reference is made by number to " Literature d ied, p. »r75 
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of decomposing plant tissue on the germination of buckwheat 
beans, com, crimson clover, flax, hemp, lupines, mustard oats 
soybeans, sunflower, and wheat. The percentage compMitinn 
seeds is given in Table I. ° 


Tab!.B I. — Thi percentage composition of various seeds 


( n , 20) 


Name. 


Castor bean 

Peanut (Arachis hypogaea) 

Flax {Linum usitaiissmum) 

Hemp (Cannabis sativa) 

White mustard (Brasma alba). . 
Sunflower (Helianthus ann«uy}. 
Cotton (Gossypium herbaceum). . 

Soybean (Glycine soja) 

WWte lupine (Lupinus albus). . 

Oat (Avena raitvo) 

Com (Zea wwyr) 

Buckwheat (Fagopyrum taiari- 

cum) 

Wheat (Trih'cum jahiium) 


Fat. 

Crude 

protein. 

Nitroten-free 

ejctract. 

51-37 

18.75 

5 

45 

25 

18 

33-7 

22. 6 

23.2 

32. 5* 

18.23 

31. 06 

29. 66 

27.59 

20. 8t 

J8.79 

16.3 

17.28 

20. S6 

19.69 

23- 43 

17. 00 

3 S -00 

26. 00 

6.79 

28.78 

33-95 

5 - 27 

10. 25 

59-68 

4-5 

9-5 

68. s 

2.68 

XI. 41 

58 . 79 

1.65 

‘ 0.93 

70. 01 


Crude fiber, 



The seeds are grouped according to fat content; those richest in fat 
are given first. The marked difference in the chemical composition of 
various seeds is very noticeable. For instance, castor beans contain 
more than 50 per cent of fat, while oats contain less than 2 per cent. 

According to Nobbe (16, p, 173), seeds rich in oil require more oxygen 
for germination than starch seeds. In Tables II, III, and IV data are 
presented concerning the effect of green manures on various seeds, In 
every case the seeds were tested under identical conditions. The figures 
of Table II show the effect of i per cent of green clover on the germina- 
tion of buckwheat, com, .hemp, lupine, and sunflower. 


Table II . — Ffeci of green clover on the germination of tanouJ seeds 


Seed. 

Treatmeot. 

j week. 

ieniiinatio 

> weeks. 

1. 

Relative. 



l^€f cent. 

Per cent. 
90 

Per cent. 
100 


1 per cent clover.... 

90 

90 

100 


100 

100 

ICO 


I percent clover. . 

95 

100 

100 


95 

95 

lOQ 


I per cent clover . . . 

6 s 

6 s 



75 

80 

100 


1 per cent clover. . 

60 

60 

75 


95 

95 



1 per cent clover . . 

55 

55 

5 ° 

ICO 

300 


90 

90 

. , . .do 

I per cent clover . . . 

90 

90 
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the average percentage of germination in duplicate pots, after one and 
tflo weeks, is recorded in Table II. The last column gives the relation 
{gtween the treated and untreated seeds. A glance at the figures shows 
clearly that buckwheat, com, and sunflower were not injured by green 
manures. On the other hand, hemp and mustard were seriously injured ; 
the latter showed the greatest loss. Lupines are not so sensitive as 
mustard or hemp toward green manure, although a slight decrease in 
rerfflination is noted. 

As regards fat content, it will be seen that with the exception of sun- 
flower those seeds rich in oil are the most sensitive to green manuring. 
The very quick germination of sunflower seed may explain their resistance 
to the injurious factor. 

Table III presents data to show the striking difference in behavior of 
fat and starch seeds toward green manures. A comparison of the injury 
resulting from the use of green clover and green oats is made. 


Table HI —Effect of green doner and oats on ike germinoUon of collanseei and wheat 


' — ■ 


Treatment:. i 


No, 

Seed. j 

1 week. 





Per cent. 




85 1 


do 

I per cent of oats 

45 

3 

do 

I per cent of clover. . 

17-5 



95 

4 

5 

6 

do 

I per cent of oats 

85 

do 

I per cent of clover. 

^5 

J_ 


<Vcrniir.alion. 


V weeks. 

3 wwk; . 

Relative. 

Percent. 

Per cent. 

Per cent. 

92.5 1 

<|2-S 

100 

i 

^3 1 

70 

■7.5 

17 - S 

19 

100 

TOO 

100 

go 

go 

90 

^5 

S3 

i 

^5 


The germination of cotton was seriously injured by the presence 0 
green manures; the green clover was much more harmful than oat 
tissue. Wheat was little affected by the use of green manure. The 
data confirm the results of the preceding test-that is, that seeds nc 
oil are especially sensitive to green manures. It appears t a 
centage of injury depends to a certain degree on the source o 
tissue Plate LXXXIII, figure ., is reproduced from a photog^^^^ph ^f 

cotton seedlings two weeks after planting. In or er 

lings more visible, a thin layer of white quartr sand was poured upon the 

surface of the soil. , , „nraipd as 

With soybeans in place of wheat, this expenraent w . P 

shown in Table IV. 
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Tabi .8 l\.— Effect of green clover and oats on the germination of cottonseed and toyhcans 





Trwtmcnt. 


Gtnnination. 

— 

No. 

Seed. 

I weeV. 

a weeks. 

3 Tveeks. j 

Relative, 




Prr cent. 

Per cent. 

Per cent. ! 



Cotton .... 

None 

95 

100 

100 ' 


2 

3 

4 

do 

1 per cent of oata 

I per cent of clover. . 

35 

3 S 

10 

35 

10 

35 

Soybean . . . 

None 

100 

1 

100 

100 


do 

I per cent of oats — 

40 

40 

40 


6 

do 

I per cent of clover . 

30 

60 

60 

6 a 


Here it was again found tiiat the oil seeds are very sensitive to green- 
manuring. Soybeans arc more resistant to this injury than cotton. 

As regards the source of the green manure, the results of numerous 
tests indicate that clover causes a greater loss than oat tissue. An 
exception to this is found with soybeans (Table IV). No satisfactory 
explanation has been found for the different action of these two sub- 
stances. The average of three total-nitrogen analyses shows that clover 
contains 80.27 per cent of moisture and 4.8 per cent of protein (dry 
basis). The oats contained 82 per cent of moisture and 3.96 per cent of 
protein. Chemical analyses fail to disclose any very striking differences 
between the clover and oat tissue. Indeed, the protein content is nearly 
the same in both substances. It is possible that the nitrogen of legumes 
is more available than that of nonlegumes (14)- It "as noticed repeat- 
edly that clover tissue decomposes more rapidly than oat tissue. 

EFFECT OF TIME OF PLANTING AND QUANTITY OF GREEN M.SNLRE 
ON THE GERMINATION OF COTTON SEED 


Ten half-gallon jars were filled with soil and treated as shown in 
Table V. 

Tabus \ -Effect of time of planting and quantity of clover on the geminatimof 

cottonseed 


Planted immediately. 



I 

wwk. 

wevks. 

3 

weeks. 

Rela- 

tive. 

week. 

weeks. 

None 

0 25 per cent of clover . 

0 5 per cent of clover . . . 

1 .0 per cent of clover 

Per cl. 

90 

60 

50 

35 

Per el. 

90 

60 

50 

35 

Per cl. 

90 

60 

50 

35 

Per ct. 

100 

66 

55 

38 

Perct. 

90 

90 

80 

100 

75 

Per cl. 

95 

95 

95 

100 

8S 

2.0 per cent of clover . 

3.0 per cent of clover. . 





70 

S5 


Piaatcd two weeks later 


I 


Per ct. 

95 

95 

95 

100 

8s 

8S 


100 

100 

100 
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From the data of this experiment it is very evident that the serious 
Injury caused by green manures is only temporary. Two weeks after 
the green manure was turned under, the conditions that affect seed ger- 
[jiination disappeared. Aside from the temporary nature of the inju- 
rious agent, it will be seen that the percentage of injury is fairly propor- 
tionate to the amount of green clover used. In the presence of 0.25 per 
cent the rate of germination was decreased 34 per cent, while more than 
t per cent of green manure entirely prevented germination. A compar- 
ison of the effect of green manures in different stages of decomposition 
on cotton germination is shown in Plate LXXXIll, figures 2 and 3. 

FIELD EXPERIMENTS WITH GREEN MANURES 


Early in the spring of 1914 a series of plot experiments with various 
seeds was made. For this purpose a good clover sod from the Experi- 
ment Station farm, near Madison, Wis., was chosen. This sod was 
divided into three equal sections; A, Clover; B, oats; and C, unplanted. 
The sections were subdivided into six plots, as shown in Table VI. 
Section A was allowed to remain in clover, while B and C were plowed, 
section B planted to oats, and C left without any crop. When the oats 
in section B and the clover in section A were partly in bloom, the soil 
was plowed and prepared for planting. One half of each section was 
planted immediately, the other half 25 days later. It was arranged to 
study the effect of clover and oat tissue on the germination of cotton, 
com, hemp, oats, and soybeans. The same weight of seed was planted 
in each plot. The results of this series of tests are given in Tables VI 
and VII. 


Table VI.— Effect oj green cUnier on the germinalictn of various secis 


I Ccnnination ol seed 

PtaW imnedUtcly alter lumta, maXr,. 


Seed. 

With clover. 

Unplanted. 


Seed ECT- 
minatioO. 

Weight. 1 

Seed ger- ] 
Tnmatinn. | 
_! 

Waght. I 

Cotton 

60 

Pounds. 

i 

91 

Powids. 


71 

76 

21 

79 i 

i 27 

Hemp 

Few. 

505 

58 

8 

Many. 

474 

83 

1 27 

Oats 

Soybean 

4 

i 5-5 


With 

clover. 


190 
202 
68 
1 ! 050 
Fine. 


Un- 

planted. 


210 

218 

75 

1, 130 

Fine. 
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TablB 'Vll.— Effect of oats on the germination of various 


seeds 




Germination of seed. 

No. 

Serf. 

planted immediately af- 
ter turoiog under. 

Planted ,5 da„ 
turning under. 



With oats. 

Unplanted. | 

With oats. 1 

UiiFlsmted, 

• 


lOO 

210 

134 

140 

I 


117 

218 

125 1 




62 

75 

72 

73 

3 


450 

I.I 30 

2:0 

Many. 

320 

4 


Many. 

Many. 

Many. 

5 


35 

88 

39 

40 

6 





' 


.y injure 
oats are 
to clover 


From these tables it will be seen that green manures senous 
the germination of cotton, soybeans, and hemp, while com and 
Tint affected The diminished germination is not confined t 
dssue but is noted ivith oats. This effect of the plant tissue on gem- 
na^in^ seeds is also observ-ed in the weight of harvest. Unfortunately, 
Cuse of climatic conditions, the cotton could not be grown to matu- 
^ On adjoining plots, where the green manure was allowed to decom- 
oo^ for 25 davs before planting, no injury was observed. 

^?he fieW data show (i) that green manures largely prevent the germi- 
nadon of certain oil seeds, and ( 2 ) that the unfavorable condition is 

only temporary. 

nature of the injurious agent 

Thm ar. a ”1 l»»“ '* 

af vw., .1 

First, the green manure g , harmful, 

f =r;;o;rjrx 4- « 

•-iLar, .a a.. ... 

alkali or acid. r „,;rro-ori?anisms, which results in an 

Third, the rapid multiplication o consumed and carbon 

increased metabolism, causes ^il carbon dioxid 

dioxid to be given off. Such toss "^atL If it is assumed that 
might conceivably retard or prevent 8^“!" ^j,,ch seeds, the 

oil seeds require more oxygen f”’’. ^ rich in fat (i6.P' U3)- 

third supposition should apply particularly to see 
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EFFECT OF SOIL TYPE 

In order to ascertain the relation to soil type of the agent causing a 
decrease in germination, a series of tests was made. Four soil types 
were used : Colby silt loam, Miami silt loam, Sparta acid sand, and neutral 
sand. The results of the first test are given in Table VIII, 

Tabi,S VIII .— of green manure on the gammalim ofcatlonseei 


No. 


9 

3 

4 


1 

8 

9 

10 


For the purpose of securing variation in texture, dilutions with Miami 
soil and quartz sand were made. From the data obtained, it seems that 
the property of reducing seed germination is common to both silt loams, 
but is absent or almost inactive in the sands. Since the relative decrease 
in germination is approximately the same with Miami or Colby silt loam, 
it appears that soil reaction is not one of the controlling factors. In 
neutral or add sand no decided injury was noted. The results of a 
second series of tests confirm the above statement. Just why sandy 
soil should prove less efficient than the loams is not evident from the data, 
unless it is due to the absence of the injurious factor. 

EFFECT OF POSITION OF GREEN MANURE 

It was arranged to study the effect on seed germination of plant 
tissue at different depths. Green clover was added at the rate of i per 
cent. The results secured were as follows; WTien the green manure 
was placed in the bottom of the jar, 8o per cent of cotton germinated; 
in the middle, none germinated; on top, lO per cent genninated. It is 
evident that green clover must be in dose contact with the seed in order 
to be effective. This may be shown by wrapping cotton seeds with clover 
leaves. One or two clover leaves greatly injured seed germination. 
Plate LXXXIII, figure 4, shows the effect of position of green manure 
on seed germination. 


Soil. 


Colby silt loam (acid) 

do 

Miami silt loam 

do 

Miami silt loam, half sand. 

do 

Sand 

do 

Sparta acid sand 

do 


None 

1 per cent of clover 

None 

I per cent of clover 

None 

t per cent of clover 

None 

i per cent of clover 

None 

I per cent of clover 


Ciennitiation. 

Rela- 

tive. 

I 

wwk. 

weeks. 

3 

weeks. 

Per cl 

Ptrcl. 

Per ct. 

Per ci. 

90 

90 

90 

100 

33 

43 

50 

55 

75 

75 

73 

100 

35 

35 

35 

50 

95 

95 

95 

:oo 

45 

45 

45 

50 

80 

80 


100 

90 

00 

90 

112 

80 

80 

8 s 

100 

TO 

70 

7 “ 

82 
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effect of increased aeration 

In view of the different action of green manures in compact and open 
soUs it was decided to make a series of tests under conditions that tend 
to remove gaseous substances. For this purpose, specially designed 
iars with openings in their bottoms were employed. By means of a 
tlass tube connected with the bottoms of the jars, air was forced through 
^e soil In these tests air was allowed to pass through the soil for 
20 to to minutes every day. A comparison of germination in the aerated 
and unaerated soils failed to show any difference. Change in soil air 
did not lessen the injury. 

EFFECT OF TEMPERATURE 

It is a well-known fact that slight changes in temperature often greatly 
increase or decrease the growth of micro-organisms. Accordingly a 
test was made wth three variations in temperature. 

Tabi.8 IX.— Effect of temperature on germination of cottonseed 



■ 


1 

OenniDation. 1 



! 



1 

Relative. 

No. 

Treatmtot. | 

lure. 

4 days. 

S days. \ 

H 


•c. 

25 

Per ant. 

85 

Perctnt. 

8 S 

Pn uni. 

1 100 
64 

1 


25 

55 

55 

2 


5 ° 

95 

95 

100 

3S 

3 


30 

35 

35 

4 


37 

100 

100 

1 100 

5 


1 

1 

80 

80 


b 






About 10° C. seems lo give . 

peraturcs fail to cause so great a decrease m germination. 

effect of certain decomposition products 

in the d^ompe^itionof 

e.g., ammonia and carbon dioxid. " . He 

to seed germination has been studic y °. per cent, 

found that small jt seems that the active pro^ 

ereatlv retarded the germination of cress. It see 
tein of the cell is very sensitive to ammonia. 

ammonium IlVDROXID 

A scries of tests was made using from o. i to f ’),^„heat, «ere 

hydroxid. Four different varying concen- 

allowed to germinate bctwwn doth. I ^ ^ per 

tratious of ammonium Mroxd- germination, 

cent proved injurious, while o.i per cent i 
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Since it was established that ammonia is harmful to seed germination 
another test was carried out to study the ammonia produced by micro- 
organisms. The results of this study are shown in Table X. 


TablS X— Effect of sugar and of clo-m on ammoniftalkn 


Time in a-day intervals. 


3 

4 

5 

6 

Total . 


Ammonia nitrogen in too gm, o( soil. 


ICo treat- 
ment. 

j I per cent of ■ r per cent nf 
j tugar added, clover added. 

1.98 

A/pm. 

2.0 1 

1 Mgm. 

3-3 


T f)(\ 



2 . d 




I.QO 

2-5 

2- 5 
2 . 0 


11.36 





Since ammonia formation is largely a product of bacterial action, it 
was thought that sugar or green manure would cause an enormous 
increase in this substance. The data of Table X show a slight gain in 
ammonia in the treated soils, but the amount is far too small to affect 
germination seriously 

CARBON mOXID 


It was found that carbon dioxid, when added in large quantities, re- 
tards germination but does not cause the seeds to decay. As soon as 
the carbon dioxid is removed, germination proceeds in a normal manner. 
In Table XI is given the periodic evolution of carbon dioxid from soil 
treated with i per cent of sugar and i per cent of clover. 


TabcE X\.~Effecl of sugar andclovcr on carbon-dioiid evolution 


CarbuD dioxid in loo gm. of soil. 


Time in days, | 

No treatment. 

1 per cent of 
sugar added. 

I per cent of 
clover added. 


A/pm. 

Mqm. 

22. 0 

Afpm. 

16. 02 

2 . . . . 

6.82 , 

17 . 2 

12. 7 


9.46 

7. 21 

36.52 
37 - 84 

22. 0 


22. 75 


33-97 , 

22.7 

6..,, 


29 - 35 

24. 2 



26. 40 

2.1-42 

8.,,. 

9. 68 

23-30 

22. 22 

Total . . 

60.7s j 

228. 58 

167. 01 

. — 

i 
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From the data in this table it is evident that the amount of carbon 
dioxid evolved in the presence of sugar or clover is far too small to exert 
a marked effect on germinating seeds. 

CALCIUM CARBONATE 


It is well known that free acids greatly retard or prohibit germination 
( 3 ; 4 . P- 37 )- Aade from the direct effect on seeds, an acid reaction may 
favor the growth of injurious micro-organisms. Accordingly, two series 
of tests were made, using a neutral and an acid soil with varying amounts 
of limestone (CaCO,) . The results of the first test are given in Table XII. 

Table of green clover and calcium carbonate on the gemination of 

^ cottonseed ^ 


No. 

Trefttmcnt. 


Germination. 


I week. 

a weeks. 

3 weeks. 

Relative. 



Per ceni. 

Pet ceni. 

Per ceni. 




85 

8s 

85 

100 



55 

55 

55 

64 

3 

I cent of clover, o.i per cent of calcium 

iS 




4 

I per cent of clover, o.a per cent of calcium 

15 



17 

5 

I per cent of clover, 0.5 per cent of calcium 

1$ 



17 

6 

I per cent of clover, i .0 per cent of calcium 

10 



II 








The data show clearly that limestone in concentrations of from o.i to i 
per cent seriously injured the germination of cotton. The seedlings fTom 
limed soils died during the first or second week. A second test, similar 
to the above, was carried out. using acid soil. Here again calcium car- 
bonate seemed to stimulate the injurious factor. 


EFFECT OF HEAT 

The results of previous tests indicate very strongly the biological 
nature of the factor injurious to germination. For example, reduce 
germination is largely associated with the 

Lond the data seem to exclude the possibility of harmful gasec 
Sucis It is conceivable that in the early stages of decomi»^o 

germination. Accordingly, a senes o ex^ntne . ^ Pgial 

the amount and form of green manure „,„ure ivas 

factors were modified, brom 1.5 to 3 contents were 

added. To remove the biological The 

sterilized in the autoclave at 15 pou ,1,5 Reading from 
results of this study were recorded by p o S P^ ' none, 

to right (PI. LXXXIV, fig. 6), the jars were treated 
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UBSterilized; B, 1.5 percent of green manure, sterilized; C, i-spercentof 
peen manure, unsterilized; D, 3 per cent of green manure, sterilized- 
3 per cent of green manure, unsterilized. The soil shown in the pots 
in plate LXXXIII, figure 5, was treated with green oats, in Plate 
LXXXIV, figure 6, with green clover. Since the corn and wheat did 
not show any injury, these illustrations were not reproduced. The data 
from cotton, clover, and flax are presented in Plate LXXXIV, figures i, 
2, 3, 4, and 5. A glance at the seedlings in the sterilized soil shows con- 
clusively that heat removes or renders inactive the harmful factor. The 
percentage germination of all crops in the sterilized green-manure soil 
was equal to that of the untreated controls. Apparently, sterilization 
has in some way prevented any injury from green-manuring. This is 
true with 1.5 or 3 per cent of green manure. When repeated, the same 
results were obtained. These data are given in Table XIII. All of the 
results point to an injurious agent of biological nature. 


Taele of heal on ike germinalioyi of cottonseed 


letter. 

Treatment. 


Geminatioa. 



i 

! 1 week . 

j w«ks. 

3 weeks. 

Relative. 

A 

None 

i 

1 Per cent. 

I 95 

Per «nf. 
100 

Per cent. 
100 

Per cent. 
100 

B 

Sterilized ! 

85 

85 

85 

8 s 

c 





D 

I per cent of clover sterilized. I 

80 

80 

80 

80 

E 

I per cent of oats 1 

. 3,1 

35 

35 1 

35 

F 

t per cent of oats sterilized. . .| 

85 

90 

90 j 

90 


SOURCE OF INJURIOUS AGENT 

When portions of diseased seedlings are used to inoculate sterilized 
green-manured soil, the germination of oil seeds is greatly reduced, 
Numerous tests show that the haniiful agent is readily transferred. 
From the data it must be concluded that the injury to seed germination 
is biological, probably due to bacteria or fungi. To study the nature 
of the agent, a series of tests was made with different micro-organisms. 

EFFECT OF BACTERIA 

In this series of tests bacteria from seed, from green manure, and from 
soil were studied. From the nature of the seed coat of cotton it is no 
doubt very rich in a number of bacteria. According to plate counts, 
the number of micro-organisms on cottonseed is over 122,000 per gram, 
or an average of nearly 11,000 organisms to one seed. A comparison 
^ the germination of cottonseed free of bacteria and with bacteria, in 
unsterilized green-manured soil, did not disclose any diQerence in germina- 
tion. The bacteria were removed (2) by exposing the seed to the action 
of hot mercuric chlorid (HgCy or concentrated sulphuric acid (H^SOJ. 
The use of sulphuric acid offers an easy and satisfactory method of 
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removing micro-organisms from cottonseed. The seeds were place,j ' 
a large glass-stoppered bottle containing concentrated sulphuric ac'd 
and glass beads. After shaking for two minutes, the seeds were removed 
with a platinum loop and washed in boiled water. From the data 
it seems that infection is from some source other than the seed. 

It has been shown repeatedly that the addition of green manure to 
soil is followed by an enormous increase in the number of bacteria 
Aside from the increase in bacterial food, the green manure carries 
with it a great number of bacteria (6, 8, 21). Tests with bacteria-free 
green manures failed to eliminate the injury. 

About 16 pure cultures of bacteria were isolated from diseased seeds 
and green-manured soil. In order to test the effect of these various 
micro-organisms on germination, sterilized green-manured soil was 
inoculated with the various species of bacteria and seeded. The tests 
were carried out in triplicate, using bacteria-free seed of cotton, peanut, 
and soybeans. Here, again, bacteria failed to show any effect on the 
germination of oil seeds. In addition to the pure cultures used in the 
above experiment, a study was made with four laboratory stock cul- 
tures, Bacillus jiuorescens liquejaciens, B. subtilis, B. mesenterkus vulgatus, 
and Streptothrix bucallis. Heavy inoculations of these organisms did 
not injure the germination of cottonseed or soybeans. Tliis agrees with 
the results of earlier workers (12, 13, 15, 18)— that is, bacteria grown 
on rich nitrogenous media do not injure seed germination. An exception 
to this is noted with cracked or injured seeds. 

EFFECT OF FUNGI 


From a study of tests carried out with various combinations of ster- 
ilized soil, green manure, and seeds free of micro-organisms, it was found 
that the liarmful factor occurs chiefly in soil. The data in Table XIV 
show very conclusively the position of injury. 

TABI.E Xl\ .—F.jjtd oj fungi on Ike germination of cottonseed 
i Gcmiination. 


1 

Ko. 1 

1 

Tffatmefil. 

t week. 

3 woeks. 

3 yreckf;. 

Relstive. 

i 

\ PttKrU. 

Per ant. 

Per cent. 

Per «2i(' 
100 


Sterilized soil, i per centof sterilized cjover.: 20 

70 

70 

2 

Sterilized soil, i per cent of nnstenlizeo | 

4S 

45 i 

64 

3 

Unsteriiizcd soil, i per cent of sterilized | 




4 

Unsterilized soil, i per cent of unstcrilized | 



_ 


It seems that the harmful agent is found both 'plater 

tissue, although it is much more prevalent m sod. The 
tests confirm this statement. 



Relation of Green Manures to Failure of Seedlings 1173 

According to many investigators, fungi may injure seed germination 
(I, p. 3^39; 7. 12. 15). For example, Muth (.5) found Aspergillus nicer 
harmful to the germination of various seeds, while Atkinson (t, p. ro-m) 
and Bolley (s, P- 25-27) rei»rt a destruction of cotton and 'flax seed- 
lings by species of Rhizoctonia and Fusarium. 

Since it is established that certain soil fungi are injurious to very 
young seedlings, the question arises as to the occurrence and growth of 
parasitic fungi in green-manured soil. An experiinental study of the 
occurrence of fungi in green-manured soil was made. Microscopical 
examinations of the diseased seeds showed the presence of many fungi 
on the primary root tip. Although no systematic study was made, 
some of the forms showed certain characteristics of the genus Rhizoc- 
tonia and others of the genus Fusarium. From portions of the diseased 
tissue plates were poured. In this way several species of fungi were 
isolated. These are described under laboratory numbers. All attempts 
to secure a pure culture of any species of Rhizoctonia tailed. The vari- 
ous fungi were used to inoculate large tubes and jars of sterilized green- 
manured soil. The inoculated soil was planted to bacteria-free cotton- 
seed and soybeans. In the soil cultures no injury to germination was 
noted, except with culture i. Here from 75 to 100 per cent of the seed- 
lings were killed. Repeated tests with this unknown culture gave simi- 
lar results. No injury to corn and wheat was noted from inoculations of 
culture I , while soybeans and cotton were quickly destroyed. 

Since the diseased root tips showed the presence of a Rhizoctonia-Iike 
fungus, it was arranged to study the effect of certain species of Rhizoc- 
tonia isolated from other sources. Two strains were employed— one 
isolated from potatoes, the other from alfalfa. The potato culture was 
secured from the Department of Plant Pathology of the Wisconsin 
Experiment Station; the alfalfa culture was supplied by Mr. Fred Jones, 
of the University of Wisconsin. Table XV gives the results of this test. 


Table XV . — Effect of Rhizoctonia spp. on the germnoHon of cottonseed 


No. 

Treatment and inoculum. 

Cennination. 


I week. 

» weeks. 

3 weeks. 


I 


Per cent. 

Per omi. 

So 

Per cent. 
80 

Per cent. 
100 

2 

I per cent clover sterilized. lInmoai> 
lated 

80 

85 

85 

105 

3 

None, sterilized. Inoculated with Rhizoc- 

; 60 

7 “ 

70 

86 

4 

I per cent clover sterilized. Inoculated 



5 

None, sterilized. Inoculated with Rhisoc- 

80 

80 

i 

80 

100 

6 

I per cent clover sterilized. Inoculated 

8s 

8S 

85 

105 

— 



- 

— 
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RhizocUmia sp. isolated from alfalfa proved fatal to cotton seedlia 
Two weeks after inoculation all of the young plants were dead, On fh 
contrary, a species of Rhizoctonia from potato produced no noticeabl^ 
injury to cotton seedlings. This difference in the action of the w 
strains of Rhizoctonia is very evident from Plate LXXXIII, 
the data in Table XV. A species of Rhizoctonia from alfalfa product 
nearly the same effect on soybeans as on cotton, while the germination 
of com was not affected. 

A study of the optimum conditions for the growth of culture i and 
Rhizoctonia sp. from alfalfa showed that about 25° to 30° C, is the most 
favorable temperature for both of these fungi. The results of a previous 
study indicate that about 25° C. is the optimum temperature for the 
growth of the harmful factor. From the data as a whole, it seems very 
conclusive that the fungus of culture 1 and probably other fungi are the 
causative agents in the destruction of germinating seeds. 

DESCRIPTION OP THE INJURY 


Examination of the diseased s^ds shows that the injurious factor 
probably does not attack seeds until after germination. Apparently the 
fungus attacks the primary root soon after germination. This occurs 
when the primary root is from to 1 cm. long. The hyphs pierce the 
walls of the host, entirely envelop the root, and often penetrate deep 
within the tissue. In the affected region the tissue loses its form, turns 
brown in color, and soon rots. Under the microscope these diseased 
seedling roots are surrounded by a dense mantle of hyphre, which ate 
often brown-colored. 


relation of green manure to injury of oil seeds 

Although the evidence at hand does not warrant a definite conclusion, 
the author suggests the following as a possible explanation for the injury^ 
The green tissue furnishes an excellent medium for the development of 
fungi This is especially true in the first stages of decomposition, .Uter 
one or two weeks in the soil the green manure undergoes certain changes 
which render it unsuited to the growth of the injurious fungi. 

lust wh V oily seeds should be so sensitive to fungi is not known >s 
possible that the oil partly changes to fatty acids in the ° 
nation (9, 10). According to Schmidt (19, P- 300-303), 0 ^ 

acids favor the growth of certain fungi. The fungus may p 

nation for the selective action of the injurious fungi for ml see . 
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SUMMARY 

(,) Green manures may seriously injure the germination of certain 
seeds. 

(2) This injury is brought about by the action of certain parasitic 
fungi. 

(3) In the first stages of decomposition of green clover, numerous 
fungi develop. Some of these fungi are very destructive to seedlings. 

(4) Oil seeds as a class are very easily damaged by fungi. Starchy 
seeds, on the contrary, are very resistant. 

(5) Cotton seed and soybeans are examples of seeds extremely sensitive 
to green manuring. The germination of flax, peanuts, hemp, mustard, 
and clover is reduced in the presence of decomposing plant tissue, but 
not to as great a degree as that of cottonseed or soybeans. The germina- 
tion of buckwheat, com, oats, and wheat is not affected by green manures. 

(6) The damage to oil seeds from green manures is confined largely to 
the first stages of decomposition. Experimental evidence shows that 
two weeks after green manure is added it does not cause any serious 
injury to the germination of oil seeds. 

{7) Small applications of calcium carbonate seemed to increase the 
injury to germination. 

(8) The rate of germination determines to a certain extent the degree 
of injury. Stow gennination is marked by a high percentage of diseased 
seedlings. 

LITERATURE CITED 

(1) Atkinson, G. F. 

1892. Some diseases of cotton. Ala. Agr. Exp. Sta. Bui. 41, 65 p,, s; Sg., 
I pi. 

(2) Barre, H. W., and Aull, W. B. 

1914. Hot water treatment for cotton anthracnose. In Science, n. s. v, 40, 
no. 1020, p. 109-110. 

(3) Bokorny, Thomas. 

1912. Elnwirkung einiger basischer Stoile auf Keimpllanzen, Verglcich mit 
der Wirkung auf MikrooTganismen. In Ccntbl. Bakt. [etc.], Abt, 2, 
Bd. 32, No. 20/25, P. 

.. . ■ 4 

1913- tiber den Einfluss vcrscliiedener Substanzen auf die Keimung er 

Pflanzensamen. Waclistumsforderung dutch einige. I. Mittcilung. 

In Biochem. Ztschr., Bd. 50, Heft 1/2, p. 

(5) Bolley, H. L. 

1901. Flax wilt and flax sick soil. N. Dak. Agr. Exp. Sta. Bui. 509 60 p., 
illus. 

(6) Burri, Robert. . 

1903. Die Bakterienvegetation auf der Obcrflache nonnal enlwic 't er 
Pffanzen. In Centbl. Bakt. [etc.], Abt. 2, Bd. 10. No. 24/25. P' 

756-763. 



1176 


Journal of Agricultural Research 


''“l- V, No. 


(7) Edson, H. a. 

1915. Seedling diseases of sugar beets and their relation to root-rot and 
tot. /nJour.Agr. Research,v.4,no.a,p. i35-i6g,pi,i. , 

tare cited, p. 165-158. ' 

(8) Esten, W. M., and Mason, C. J. 

1908. Sources of bacteria in milk. Conn. Agr. Exp. Sta. Bui cr n a 

fig.i5-,3. •5bp.65-.<^, 


(g) Green, J. R. 

i8go. On the germination of the seed of the castor-oil plant (Ridnus am 
munis), /n Proc. Roy. Soc. London, V. 48, no. 294, p. 

( 10 ) and Jackson, Henry. 

1905. Further observations on the germination of the seed of the castor oil 
plant (Ricinus communis). In Proc. Roy. Soc. London, s. B, v 
no. 514, p. 69-85. 

(11) Henry, W. A. 

1915. Feeds and Feeding ... ed. 13, 613 p. Madison, Wis, 

(la) HttTNER, Lorenz. 

1902. Die Keimungss-erhaltnisse der Leguminosensamen und ihre Beeinflus- 
sung duich Organismenwirkung. / n Arb. Biol. Abt. Land- u. Forstw. 
K. Gsndhtsamt., Bd. 3. Heft i, p. t-i02, 4 fig. 


(13) LagERV.ali., Algot. 

1896. Effect of bacteria on germination. (Abstract.) /n Exp. Sta. Rec,, v. 
8. no. 7, p. 566. [1897.1 Original article appeared in Red. Verks. 
ntuna Landtbrukinst., 1895, p. 49-52. 1896. Not seen. 


(14) MlKta-OWSm-PoMORSKI, J. 

1913 . The fertilizing value of the above-ground parts of cereals and leguminous 
plants. (.Abstract.) In Exp. Sta. Rec., v. 32, no. 4, p. 320. tgi*. 
Original article appeared in Kosmos (Lemberg], v. 38, p. 929-031. 
2913. Not seen. 

(15) Mina. 

1904. Untcrsuchungen fiber die Schwankungen bei Keimkraftprufungen und 
ihre Ursachen. In Ber. Landw. Vers. Anst. Augustenb. 1903, p. 

43-48. 

(16) NobbE, Friedrich. 

1876. Handbuch der S am e nk unde . . . 631 p., illus. Berlin. 

(17) Russepi., H. L. „ „ t, I 0 

1913. Report of the director, 1911-1912. Wis. Agr. Exp. Sta. Bui. 22 ,9 p., 

37 f‘8- 


^'ir.’^nige intcressante Erscheinungen beim Keimen der Pflsnzensamea. 
In Prometheus. Jahrg. 12, No. 587. p. 236-<238. 


^'^"uetr^Aufnahme und Verarbeltang von fetten Oelen durch Pflonzen 
In Flora, Jahrg. 74 (n. R- Jahr?- «)- Heft 3. P- 3»-37=' 

(20) Wehmer. Carl. 

1911. Die PflanzcnstoHe ... 937 P- J*”®- 

(21) WiGCB*. A. , . O Kraftfutterniittel in 

,9,4, Untersuchung fiber die bestiderer Berucksichtigung 

frischem und [etc ], Abt. 2, Bd oa 

ihrer Eirovirkung auf Milch. /itCentbl. Bakt. [etc j, 

No. ,,'3, p. 1-232. Literalur. p. 228-232. 



27467°— 16 3 



PLATE LXXXIII 


Cotton seedlings, showing the effect of green manures on their growth : 

Fig. I.— .4, B, Control; C, D, i per cent of chopped green oats added to the soil; 
£, F, I per cent of chopped green clot'er added to the soil. 

Fig, 2 —Effect of planting immediately after idowing under green manure: A, B, 
Control; C, D, 0.25 per cent of green manure added to the soil; E, F,o.5per cent oi 
green ratmure added to the soil; C. H. i per cent of green manure added to the soil; 
/, ], 2 per cent of green manure added to the soil. 

Fig, 3.— Effect of planting 2 weeks after plowing under green manure. A, B, 
Control; C.D.o.rsper cent of green manure added to the soil; £,F, 0,3 per cent of green 
manure added to the soil; 6, //. i per cent of green manure added to the soil; I, J, 2 
per cent of green manure added to tlie soil. 

Fig. 4.— Effect of the depth of green m;mure on germination: .I, Green manure 
placed in the bottom of the iwt; B, green manure placed at the top of the pot; C, 
green manure placed In about the middle of the pot. 

Fig, 5.— Effect of sterilized and unsterilized oats used as a green manure: A. Con- 
trol- B, 1.5 per cent of oats added and the mixture sterilized; C, 1.3 per cent of o,its 
added without sterilization; D. 3 per cent of oats added and the mixture sterilized; 
E, 3 per cent of oats added without sterilization. 

Fig. 6,— Effect of Rhizoclonia sp. on germination in the presence of green manure; 
A B ' Control; C, D, sterilized soil treated with green manure; F, F, sterilized soil 
inflated with Rhizoclonia sp. from potatoes; C, H. sterilized soil treated mth 
green manure and inoculated with Rhizoclonia sp. from alfalfa. 









PLATE LXXXIV 


Clover, flax, and cottoa seedlings, showing the relation of green manures to germina- 
tion in slcxilized and imsterilized soil: 

Fig. I.— Clover: A, control; B, 1.5 per cent of chopped green oats added and the 
mixture sterilized; C, 1.5 per cent of chopped green oats added and the mixture not 
sterilized; D, 3 per cent of chopped oats added and the mixture sterilized; E, 3 per 
cent of chopped oats added and the mixture not sterilized. 

Fig. 2.— Clover: A, control; B, 1.5 per cent of chopped clover added to the soil 
and the mixture sterilized; C, 1.5 per cent of chopped clover added to the soil and the 
mixture not sterilized; D, 3 per cent of chopped clover added to the soil and the 
mixture sterilized: E, 3 per cent of chopped clover added to the soil and the mixture 
not sterilized. 

Fig, 3.— Flax: A, control; B, 1.3 per cent of chopped oats added to the soil and the 
mixture sterilized; C, 1.5 per cent of chopped oats added to the soil and the mixture 
not sterilized; D, 3 per cent of chopped oats added to the soil and the mixture steri- 
lized; E, 3 per cent of chopped oats added and the mixture not sterilized, 

Fig. 4.— Flax: A, control; B, 1.5 per cent of chopped clover added and the mixture 
sterilized; C, 1.5 per cent of chopped clover added to the soil and the mixture not 
sterilized ; D, 3 per cent of chopped clover added to the soil and Uie mixture sterilized; 
£, 3 per cent of chopped clover added to the soil and the mixture not sterilized. 

Fig. 5. — Cotton; A, control; B, soil sterilized; C, i per cent of chopped clover 
added to the soil and the mixture not sterilized; D, 1 per cent of chopped oats added 
to the soil and the mixture not sterilized; E, i per cent of chopped clover added to 
the soil and the mixture sterilized; F, i per cent of chopped oats added to tlie soil 
and the mixture sterilized. 

Fig. 6. — Cotton; A, control; B, 1.5 per cent of chopped clover added to the soil 
and the mixture sterilized ; C, i . 5 per cent of chopped clover added to the soil and the 
mixture not sterilized; D, 3 per cent of chopped clover added to the soil and the 
mixture sterilized; E, 3 per cent of chopped clover added to the soil and the mixture 
not sterilized. 




A NEW SPRAY NOZZLE 


By C. W. Woodworth, 

Entomologist, Agricultural Elperiment Station of the Unh ersily of California 

INTRODUCTION 


\ new principle has been discovered in nozzle construction whereby a 
flat spray can be produced with a uniform distribution of the water com- 
parable to that of the hollow cone of spray from a cyclone nozzle. 
Hitherto all flat sprays have been of lenticular section, breaking up into 
fine mist on the sides and into relatively coarse drops in the center. It 
was observed that the flat spray produced by two impinging streams 
was at right angles to the original plane of motion of the two streams, 
but when the streams failed to meet squarely the plane was shifted and 
could, in fact, be moved through an arc of i 8 o° with a very great change 
in the distribution of the water currents. It requires only a slight 
angular deviation to decrease very perceptibly the coarseness of the 
central drops, producing greater uniformity, and a position can be 
reached in which the coarsest drops are on the edge, those in the center 
therefore being the finest. 

The principle finally discovered was that when two streams meet 
across half their section the resulting sheet of spray will be of practically 
uniform thickness throughout, occupying a plane 45° from the plane of 
the streams and finally breaking up into drops of great fineness an 


uniformity. 


PRODUCTION OF SPR.tY 


There are two causes that may act in the production of P ' 
tides; (I) Friction, which may cause an eddy along the edge of 
stream sufficient to break the surface tension and allow the small eddy g 
masses to fly off from the column of water; and (2) nergence 
direction of motion of the particles, resulting in the thmnmg out of th 
water mass in the form of irregular sheets until the surface l^hn finally 
gives way and the sheet of water is suddenly comertc m o 
Both Lthods may be seen in the breaking up o the ^ ream rom a 
simple nozzle where, from the sides of the soli co umn ” ' ^ 

minute particles of mist are given oft, while the \e oci y ^ ^ ‘ ^ 

great. With decreasing velocity farther on t e e le ^ 
the mist gradually becomes coarser, and, finally, as " P 
stream makes it break up into irregular sheets o na 
drops produced by the second process resu s n “iuated, 

drops of all sizes. At firet the drops are very ac^t^ __ 

— \'nl V \0. 2' 
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those of the same size being produced at the same distanc ^ 
nozzle, but when the second "orocess reulaees frir-finr, 


nozzle, but when the second "process replaces friction as a cause 
production, irregularity results, owing to the irregular sha^^ 
water sheets. file 

In a cyclone nozzle the stream at once diverges widely in the 
a hollow cone. Friction plays no part in the production of tL”"” 

but the cone increases so rapidly in diameter that the linuiH c l 

-L... -f • • .. . “oon becomi>= 


a very thin sheet of unvarying thinness all the 


way around, and breaks 


into a uniformly fine mist. The uniformity may be assumed fro 
fact that on all sides the sheet extends an equal distance from 
before breaking into a spray, and experimentally can be shown toahibh 
to an equally high degree both fineness and uniformity. 

Figure i expresses in a diagrammatic form the facts shown bv th 
photographs. The circles show the actual positions of the orifieK 


'' B C 

Fic. I. — Durr»m jhowiaK the chArecteri5ttc difference* betw«n the three lorrus ol impineing-stream 


each case and the black transverse marks give the effect of the impinging 
streams ; the water remains thickest in the middle in C, thickest at the 
edges in A , while in B it is spread out evenly. 

Above, the black portion indicates the water sheet, the sizes of the 
spots along the margin indicate the sizes of drops produced at these 
points, and tlic approximate velocity of the drops is shown by the length 
of the lines radiating from these spots. 

SPRAYS PRODUCED BY IMPINGING STREAMS 

The actual movement of the water in forming a spray through the 
irajiact of two streams is shown in Plate LXXXV and Plate LXX/ 
figure I It was not found practicable to secure the successire pictu ^ 
with sufficient rapidity to show more than two steps in the formin, 
but by interpolating, a fairly satisfactory series was obtaine 
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right-hand nozzle is of the common type where the streams impinge 
squarely. The middle nozzle is of the new type, but not strictly com- 
parable with the former, since the streams come together at a broader 
angle, making a wider spray. Indeed, when the spray is under full 
pressure (PI. LXXXVI, fig. i) the spread is too wide, producing a 
lateral dribble and marginal fringe of spray. The left-hand spray is 
intermediate in angle and spread and gives the fish-tail effect. 

The contrast is shown from the first illustration, the fish tail having 
thick marginal zones and the other two thick central zones, much shorter 
in the middle nozzle. In Plate LXXXVI, figure i, where the spray 
sheets assume their normal proportions under high pressure, the large 
size of the white patch in the middle corresponds to the better final dis- 
tribution of the spray particles. The irregularity of the spot shown on 
the left of this white patch is due to an irregularity in the odfice on the 
opposite side. 

In Plate LXXXVI, figure 2, which shows the result of a sudden de- 
crease of pressure, the character of the water sheets becomes especially • 
evident, since they are increased greatly in size and the production of 
spray almost ceases. 


ADVANTAGE OF A FLAT SPR-AY 

The cyclone nozzle leaves nothing to he desired in the way of fineness 
and uniformity of spray, but it has the disadvantage of making a ring 
of spray which surrounds instead of touching the object towards which 
the nozzle is directed. It is very difficult for one handling the nozzle 
to keep in mind the fact that the spray is strictly limited to the visible 
parts of the cone. A fiat spray, on the other hand, reaches the point 
mmed at and is more available for treating branches of trees, for exam- 
ple, where the desire is to concentrate the spray on a line. For general 
spraying also the use of a flat spray, like the use of a flat brush for palnt- 
ing, gives uniform results more quickly and easily. For these reasons, 
while no other nozzle on the market produces a flat spray comparable in 
quality to the spray produced by the various tjqies of cyclone nozzles, 
they are, nevertheless, more extensively used than the cyclone nozzles. 

ADVANTAGE OF UNIFORMITY AND FINENESS 

The use of nozzles of the flat type is generally acknowledged to be 
for the purpose of securing the flat shape of spray fan and is not a rejec- 
tion of the principle that a uniformly fine spray is the most desirable. 
In fact, the use of these nozzles is generally associated with the use of 
high pressures, whereby the defects of a poor grade of nozzle are less 
apparent. The particular advantage of fineness is that it makes possible 
the even distribution of the spray material. 

Fineness involves evenness. In a nozzle giving coarse drops, part of 
the material is in a finely divided state, and the improvement in a spray 
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nozzle comes through decreasing the size of all but the smallest particles 
and thus increasing the proportion of minute particles until, as in the 
cyclone nozzle, practically all of the material is in the most finely divided 
state and is therefore also uniform. This improvement can be produced 
by increasing the pressure or decreasing the size of the stream. Under 
the same pressure a nozzle with a large orifice gives coarser drops than 
a similar nozzle with a small orifice. Therefore, where a larger volume 
of spray is desired, it has been the practice to duplicate the nozzles 
rather than enlarge them, giving clusters of nozzles; but where high 
pressure is available, large nozzles, particularly those of the better type, 
may be used. With extreme pressures, such as were employed in the 
gipsy-moth work and in the walnut spraying in California, a nozzle of 
the poorest quality and rather large size has proved to be practical. 
In nearly all cases the desirability of fine and uniform sprays, in order to 
secure evenness of distribution, has been recognized. It is possible, 
however, that under some circumstances a driving spray may be de- 
■ sirable, and this can be secured only by the use of less efficient nozzles, 

VARI.\TION IN FINENESS 


The sizes of the smallest drops in a spray are not necessarily the same, 
particularly when made by the breaking up of a sheet of water. By a 
change in the proportions of the eddy chamber in a cyclone nozzle or 
by a change in spraying pressure the diameter of the cone at the point 
of breaking can be changed, and the drops will remain uniform, but will 
be of a different size than before. In the new type of nozzle here 
described the angle of impact and the spraying pressure exert similar 
effects and a scries of nozzles can be produced covering much the same 
range obtainable in a cyclone nozzle and distinguishable by the width 

and length of the fan. _ 

Only relatively small drops in the spray m either case are obtamed 
and these show great uniformity, the variation m size being inside of 

^'h! "nrry^lrnozzle is the form in which the spray is in a plane 

but between that and the usual style, having the spray 
from that of the streams, there is the possibility of any “ . 

ml-diate forms that present any desired degree « — 
of the drops. Should a compromise nozzle givmg^adn^^ 
greater uniformity than in the existing noz disproportion between 
L coa.,ruc,«l. Th. c».W ^ 

the sizes of the two streams, an be 

be at one edge instead of at the cente and it might be desirable 

desirablcforsomespot.sprayingtosca!e.n^t.andam^^^^ 

to have a means of controlling the size of one of the 
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WHERE the new NOZZLES ARE IMPRACTICAL 

Because the spray must first be separated into two streams in this 
of nozzle it becomes particularly liable to clogging and should not 
used for any spraying where there is any such tendency— e. g,, with 
Bordeaux mixture. 

Most of the spray materials now used, however, are clear solutions 
and give no trouble in the nozzle. 


LONG- AND SHORT-DISTANCE NOZZLIiS 

When the angle is widest between the impinging streams, the angle , 
of the fan is likewise widest, the drops finest, and the carrying distance 
of the spray the shortest. 

An acute angle between the impinging streams produces a very nar- 
row spray which carries a longer distance, but may perhaps finally reach 
nearly as great a width as that of the rapidly spreading short-distance 

spray. 

Some prefer a long-distance nozzle and use it close to an object, as 
where spot spraying on a tree trunk is desired. The new type of nozzle 
lends itself very readily to adjustment to any degree of distance, from 
the shortest to nearly the longest found in spray nozzles. 


ADJUSTMENT 

Any form of two-stream nozzle, like that known as the calla, or 
lily, nozzles, can be quickly converted into a nozzle of the new type y 
the use of a reamer, slightly enlarging the two apertures on opposite 
sides by working the instrument obliquely to the surface of the nozzle 
and trying it from time to time until the spray sheet stands at 45 ^ 

The same process will enable one to adjust a nozzle at any time should 
it wear irregularly enough to change the angle of the spray fan. Ihe 
shape of the fan is a good index of the correct adjustment. the an 
is just right, the fan is triangular; if less than 45 , it is s or cs 
ceLr and the spray is coarser at the ends. If the angle is more ton 
45°, the fan is longest in the center and the. spray coarsest a P 
With care the Lmer can be so used as to effect the change n 
stream without enlarging the hole at the surface, and therefore 
changing the volume of discharge. It may be possible 1° ^ 
angle of the spread of the fan by reaming out beneath ^ side 
cent to or opposite the other hole. One should continually try a 
while adjusting it, so as not to carry the work too far. 


SUMMARY 

(1) A new principle employed in nozzle construction 
flat spray with the qualities of a cyclone nozz e. ^ 

(2) A uniform sheet of ivater breaking along its e ge 


will produce a 
produces drops 


of uniform size. 
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(3) A flat spray is more easily directed and produces a more unifom, 
distribution than the cone of spray from a cyclone nozzle. 

(4) Uniformly fine drops of spray aid in securing uniformity of dis- 
tribution. 

(5) The new nozzle allows some variation in size of spray. 

(6) It also may be made into a long- or short-distance nozzle. 

(7) It can be easily constructed by modifying existing nozzles and 
may be adjusted if it becomes worn. 




PLATE LXXXV 

The beginning of Oie spray from three kinds of noizles, as photographed with 
a moving-picture camera. 
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PLATE LXXXVI 

Fig. I.— The appearance of spray from three kinds of nozzles as full pressure is 
applied (a continuation of Plate LXXXV). 

Fig. 2. — Two stages at the end of the spray as the pressure is reduced. 




A NEW interpretation OF THE REEATlONSHIPS OF 
temperature and humidity to insect DEVEL- 
OPMENT 

By W. Dwight Pihkce, 

EnUmulogical Assistant, Southern Field Crop Insect Investiptions, Bureau of 
Eniomology 

INTRODUCTtON 

upon the proper interpretation of the laws of climatic control of life 
rests the solution of many practical problems, and inasmuch as all 
plant and animal life reacts to climate in the same general manner it is 
apparent that the study of the climatic control of insect development 
may throw light upon the problems of all other forms of life. It has 
been apparent to some workers in the field of ecology that our so-called 
laws of effective temperature were deficient in many respects. A large 
number of phenomena were not properly explained by any known theory. 
It is with the hope that the present interpretation may come closer to 
the truth that this paper has been prepared. 

Biologists for years were laboring with the theory of a fixed zero of 
effective temperature for all life, and only recently was it accepted that 
each species might have a different zero. It has been the custom to 
determine the thermal constant for any given activity by multiplying 
the number of effective degrees accumulated above the effective zero in 
daily units of mean temperature by the time in which the given phe- 
nomenon took place. The noneffective low temperatures were elimi- 
nated, but not the time in which they were experienced. Inasmuch as 
most workers were located in north-temperate climates, where high 
noneffective temperatures seldom occur, it had not occurred to them 
that some high temperatures might not be effective and that there was 
another boundary to the effective zone besides the zero. These high 
temperatures and the time in which they are experienced must be elim- 
inated. In addition to all of these errors in method, there has been no 
correlation of the humidity factor until very recently, although now 
many workers are trying to solve the part played by this factor. 

The principal data upon which the writer has based his studies in- 
clude records of thousands of individual boll weevils {Anthonomus grandis 
Boh. and A. £?. thurberiae Pierce), made by the members of the boll-weevil 
force under the direction of Mr. W. D. Hunter and the writer at various 
localities in Texas, Louisiana, and Arizona throughout the period of 
years from 1902 to 1915. At each place where biological notes ivere 
made a thermograph-hygrograph record was kept, and this record was 
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checked twice daily by maximum and minimum thermometer and slin?. 
psychrometer readings. The means of temperature and humidity are 
based upon these records. In addition to the natural records, a series ot 
artificial-cold experiments were conducted at various times, and the 
writer recently conducted an extensive series of artificial-heat experiments 
with definite humidity control in order to determine the effects of heat. 

experimental methods 

Before venturing to present this new interpretation the writer has 
thoroughly discussed it with many prominent workers, and it is now 
proposed for more extensive criticism and elaboration. 

To express the relationship of the two factors, temperature and 
humidity, to insect metabolism, development, and activity, a tempera- 
ture scale may be marked off on the vertical line of a sheet of plotting 
paper and a humidity scale from left to right on the horizontal line. 
There are, for any given insect, definite boundaries of atmospheric tempera- 
ture and humidity within which the life of the species revolves. There isa 
temperature below which, even for the shortest time, life is impossible— 
the absolute minimum fatal temperature. There is also a temperature 
above which, even for a moment, life is impossible— the absolute maxi- 
mum fatal temperature.. Absolute dryness is more or less prohibitive 
of life and so is absolute humidity, or saturation, although some insects 
may be adapted better to withstand extremes of humidity than others. 
It is quite possible that the boundaries of humidity may be o and 100 
per cent, or infinitesimally close thereto. 

The diagrammatic figure sought, however, has four definite absolute 
boundaries— the maximum and miilimum temperatures and humidities. 

Within the limits which we have thus defined there exist conditions 
under which all the activities of the species reach their maximum effi- 
ciency It has been conceived by most writers that this maximum 
efficiency was reached at a definite point known as the ontimum. It 
seems more likely that it will prove to be a zone of humidities and 
temperatures of more or less restricted area. A careful f 
of anv species charting for the lime required for each activity and the 
temperature a’nd then similarly for humidity, t jeratm 

and humidity points of maximum efficiency^ With 
these points lie approximately near 83“ F. and 5 per c 
humidity. 

ZONES OF CLIMATIC RELATIONS 

At any ordinary humidity, starting with the 
temperature, as the temperature increases a g^^^ 

exposure is required to kill, unti a pom the 

tin^ indefinitely. This zone of temperatures has 

zone of fatal temperatures. 
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As the temperature continues to rise it passes through a zone of 
ineffective temperatures, known commonly as the zone of hibernation 
which the writer will shortly prove to be an inappropriate term At the 
lowest temperatures in this zone complete dormancy without metab 
olisffl is found; but as the temperature increases a gradual approach to 
sensibility is noted, first metabolism, next movement, and then the 
necessity of feedmg. ^ The point at which metabolism or growth begins 
at a given humidity is the zero of effective temperature. 

As the temperature increases above this zero the activity is at first 
very sluggish, but becomes more and more active until the so-called 
optimum is reached, and from this point upward the temperatures cause 
less and less activity, inducing stupor and finally sleep or coma. 

At the point of coma begins the zone of ineffective temperatures 
formerly known as estivation. With the increase of temperature sleep 
becomes more and more sound until a point is reached at which death 
occurs after long exposure. At this point begins the zone of high fatal 
temperatures at which death occurs at shorter and shorter periods until 
it is instantaneous at the absolute maximum fatal temperature. This 
completes the vertical cross section of the figure desired. A statement 
regarding these vertical zones was first published by the Bureau of 
Entomology in 1912.' 

In the past, however, the fact that a similar horizontal cross section 
at any temperature can be made, starting at absolute dryness and reading 
toward absolute humidity, has not been recognized. In this manner are 
shown zones of fatal dryness, dryness causing stupor, increasingly effective 
humidity, the most effective humidity, dccrcasingly effective humidity, 
excessive humidity causing drowsiness, and finally fatal humidity, at 
least under certain conditions of exposure. 

In the case of the boll weevil the resulting figure is a series of con- 
centric ellipses centered about the optimum and with diagonal axes. 
On the accompanying diagram the main details of the relations of tem- 
perature and humidity to the boll weevil are brought out. Only a few 
of the more salient records are included. The development in buds 
(cotton squares) is based upon hundreds of individual records, but is not 
reported in detail. The outer lines are much less definitely located 
than the inner ones, but whatever their actual location the picture 
would be substantially the same. 

EFFFXTIVE TEMPERATURE 

Workers who have used the zero of effective temperature in their 
studies will note that, according to the present theory, the zero when 
charted is an elliptical curve representing a different point at each degree 

(n*!™"' Pierce, W. D. Mexican rotton-boU weevil. 6 ii Con*., id Sess., Sen. Doc. 30s 

• Dept. Agr. Bur. Eat. BuJ. 114), p. las-uS. 1912. 
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of humidity. Because of the difficulty of computing this zero, the writer 
has been requested to 


describe his method 
of computing effective 
temperatures. 

The first step is to 
tabulate all records of 
a given mean percent- 
age of humidity on a 
single sheet. The zone 
of effective tempera- 
tures must be worked 
out separately at each 
degree of humidity. 
Only by a laborious 
series of testings can 
the first zero be ap- 
proximated, unless the 
worker finds it by a 
fortunate chance. 
The total effective 
temperature is the cri- 
terion by which we 
finally know when we 
have rightly defined 
the limits of the zero. 
This is known as the 
thermal constant and 
is the multiple of the 
mean of the effective 
temperatures (be- 
tween the zero and 
the absolute), figured 
in day units, by the 
time in which these 
effective temperatures 
were experienced. 
Noneffective temper- 
atures, whether high 
or low, and the time 
la which they were 
experienced must be 
eliminated. The 
zone of effective tem- 
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difference in the total effective temperatures is reduced to a minimum 
At the start some arbitrary zero must be chosen and the effective tem- 
peratures computed above this. Then it is necessary to remove degree 
by degree at the top or bottom and note each time whether the differ- 
ence in the total effective temperatures becomes larger or smaller. This 
process may be charted so that the general tendency can be seen. The 
figures found in the writer’s attempt to establish the zone of effective 
temperatures for the boll weevil at 56 per cent humidity will illustrate 
the manner in which the points desired were ascertained. These results 
are presented in figure 2, and it will be seen that the first tentative zone 
chosen was 51° to 100“ F. By much testing it was narrowed to within 
the limits of 75° to 92° F., for which the optimum is practically 83.50. 

Having obtained the limits of the zone, the records of development 
in cotton squares at a mean humidity of 55.9 per cent to 56.9 per cent, 
made at Victoria, Tex., in 1913, by Mr. B. R. Coad, of the Bureau of 
Entomology, are as shown in Tables I and II. 


Table l.^Reccrds of development of Anthonomus grandis at Victoria, Tex., in ipij, 
at a humidtiy of 55. p to per cent 



Date of 
ovipc^ 
sitiun. 

Time of 
maturing. 

Actual 
period o( 
develop- 
ment. 

Number iff 
weevils ob- 
served. 


M««a hu- 
midity. 

M. 14 . 

l^emale. 

weevil 

days. 

Per cent. 

July 37 

Aug. 0 

% 

Days. 

»3 

« 


104 

544 

July j6 

Aug. 8 


1 

i 




Aug. 10 

•4 



>4 

<6. 9 

July J 7 

Aug. II 

»S 



16 

53-9 

May 33 

June ; 

l6 

* 


56- 3 




ToUl. 8 

7 

301 


Actual Ipmperafure. 


Abso 

Abso 


lute 

lute 





mum. 

muni. 




'F. 

104 

7J-2 

8^.2 

104 

73-2 

88.3 

104 

'i-J 

88.3 

104 

73- * 

88.3 

95- 5 

34- 5 

78.3 





TabUB U.-Record} of devehpmtnt of Anthonomu! grandis al Victoria, Tf . m 

in the zone of effective temperaiurec , 75 to g 2 r . 


Exprri- 

ment. 


AvoTMte.: 

WSff- 

cncc.. 



Sa 

4-* 

5« 


7-* 

80 

Ntim> 

berof 

wceviU. 

Mean 

humid- 

ity. 

Humid 

time 

anils. 

Period 
ex peri- 
enang 
effective 
temper- 
ature. 

Total 

effective 

weevil 

days. 

Mean 

effective 

temper- 

ature. 

Effective 

thermal 

units. 

8 

4 

I 

* 1 

1 I 

Per ft. 
56. 1 
58' 4 
56-6 
56.9 
S8'9 

448.8 

a3$.6 

5^6 

56.9 

55-9 

Dayj. 

%. 19 

8. 18 
8.86 
9-3* 
9-95 

65. 5* 
7* 

8.86 

9.53 

9.9s 

•F. 

83.8 

83.8 

83.6 

83.7 
8a. 6 

6704 

335- » 

83.6 

83.7 

83.6 

i 'I 


>41.8 


138- 57 


iiOSS-S 

56. 3 



8.43 





Mean 

daily 

effective 

temper- 

ature. 

units. 


Total 

effective 

lemper- 

atu/e. 


11 « 

Humid' 
ity plus 
effective 
temper* 
ature. 


•f. 

140. j 
14 P.] 

1*9.6 


Column 6 
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From these tables it will be seen that the effective period of develop- 
ment is from 8 to 10 days, averaging 8.43 days, while the actual develop- 
ment tanged front t3 to t6 days. It is noticeable that in all of the 
^rds the maximum as well as the minimum temperatures ran outside 
of the zone of effective temperatures. The total effective temperature 
ranged from 72“ to 83“ F., with 73.3“ as the weighted mean and with a 
total difference of only 10.84“, a very small difference. 

It is not necessary in this paper to give the further details of the zone of 
effective temperatures at other humidities. The determination of the 
zone for the next percentage of humidity is much less difficult, because it 
must be just a little narrower or a little wider than already determined. 
As the axis is diagonal, the upper and lower bounds will depart at a 
different rate. After several points have been determined, the axis can 
be located and then the figuring becomes very simple. It must be noted 
that every hour of effective temperature has its cumulative effect, even in 
the winter time. 

ZONE OF INACTIVITY 

One of the results of the acceptance of the present interpretation will be 
the necessity of discarding the conception of separate zones of hibernation 
and estivation. Physiologists have demonstrated that the effects of heat 
and cold on metabolism are alike. The writer has frequently noticed in 
field work the impossibilitiMf differentiating between a frozen and a heat- 
killed boll-weevil larva. Trof. G. G. Becker, of Arkansas Agricultural 
College, several years ago observed that the fall army worm, iMphygntfl 
jrugiperda S. and A., had two periods of activity and two of inactivity 
every day in the hot days in the Ozarks. Activity began in the motr- 
ing and continued until the early part of the afternoon, when the heat 
caused the worms to be inactive for several hours. They then again 
became active during the early hours of the night, but the nights were 
cold and the worms became inactive until morning. The phenomena 
of a year were reproduced day by day. Inactivity due to cold in the 
summer time can not properly be called hibernation. 

In Arizona the boll weevil is now native on wild cotton {Thurberia 
thespesioides). It normally^ breeds in the bolls in :he fall, becoming adult 
by December i, but remains in its cell throughout the cold winter and the 
vanning spring. In some canyons there is a spring rainy season and T. 
thespesioides has a spring fruiting season. In these localities the moisture 
also releases the weevils from their cells and they begin breeding. A dry 
season follows and the weevils go to sleep. In other canyons the spring is 
not wet and the plants and weevils are inactive until the regular rainy 
reason in August, when the long rest is broken. In some canyons the 
weevils therefore have two resting periods during the year, and in other 
canyons they are at rest from fall until summer. It not infrequently 
happens that the August rainy season does not materialize, and under 
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such circumstances the weevils stay in their cells and the plants r 
dormant until the next year or perhaps for several years. As 
this the writer kept several of these weevils over 500 days without 
water, and one lived 626 days, dying only when moisture invadeTth*^ 
room where it was kept. 

Hunter, Pratt, and Mitchell • record the unusual ability of I 
of Hermetia chrysopUa Loew, a cactus scavenger fly, to withstand 
periods of drought. Larvte in various stages of development were kept 
for more than 15 months .without food and developed readily later 
when food was supplied. The very leathery integument seems to pro- 
tect the insect against desiccation, and in other ways the larva has evi- 
dently adapted itself to long periods of waiting for favorable food, 
which, in the arid regions, depends upon the infrequent rains. Both 
of these instances are more properly resting periods due to dryness than 
to cold or heat. 


NOMENCLATURE OF CLIMATIC EFFECTS ON LIFE 


As charted, there are three elliptical zones which express the three 
principal effects of climate on life, viz, activity, inactivity, and death. 
The zone of activity may be known as the “ thermopractic ” zone (Oep/ris, 
meaning heat, plus irpa«Ti« 4 s, meaning effective). The zone of inactivity 
may be known as the zone of “anesthesia” {amiaSrjuia, meaning insensi- 
bility). The zone of death may be known as “ olethric” zone (cXtBpios, 
meaning deadly). The region of greatest activity may be known as the 
“{sracticotatum” zone (j-pacruturaToi', meaning most effective). 

ifany phases of climatic effects have been differentiated, and medical 
literature aboimds in words descriptive of these effects. For some 
effects no words are available. The writer has thought it best to present 
a complete and consistent system of nomenclature, based on the Greek, 
using all words already in the language, and only supplying new words 
where none are now available.’ 

It may be convenient to refer to the most effective temperature or the 
most effective humidity, in which cases we may use the words “thermo- 


practicotatum ” or "hygropracticotatura.” 

The awakening from sleep is termed "anastasis” we 

can therefore speak of “thermanastasis” and “hygranastasis,” depending 
on whether the awakening is caused by a change of temperature or a 
change of humidity. , 

Heat, moisture, dryness, or cold added to the “practicota um w 

sluggishness. We have to indicate this condition th e term 

> HoBfB. W. D.. !>»«. f. C.. .Bd Milrtelt J. D. Tl« princip.1 ^ctuTinsects o( the Umled SWe. 
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nieaiung sluggishness) and can show the type of sluggishness 
by the addition of a prefix, as “thermonochelia,” “ hygronochelia ” 
“xeronochelia,” and “rhigonochelia.” ’ 

At least three of these factors produce under extreme conditions a 
sU'fling sensation, and we may express this by the terms “thermopnigia," 
"xeropnigia,” and “hygropnigia” (irriyos, meaning stifling). 

The stifling sensation ends in complete insensibility, or anesthesia, 
and this word may be modified to express the cause, as in the term ‘ ' ther- 
manesthesia,” “hygranesthesia,” “xeranesthesia,” and “rhiganesthesia.” 

Death from heat is known as thermoplegia (irXijyi?, meaning stroke), 
while from excessive moisture it may be known as “ hygroplegia,” and 
from freezing, as “rhigoplegia.” Death from drying is known as “apoxe- 
raenosis” (axofi/palroj, meaning to dry up). 

The determination of locomotion by heat is called “thermotaxis,” and 
movement brought about by heat is called “ thermotropism.” 

Unusual sensibility to heat is called “thermalgesia” and "hyperther- 
malgesia.” The ability to recognize changes of temperature is “ther- 
mesthesia," and its extreme is designated as “thermohyperesthesia,” 
abnormal sensitiveness to heat “stimuli.” Fondness for heat or requir- 
ing great heat for growth is called “ thermophilic,” while resistance to 
heat is called “ thermophylic.” Rapid breathing, omng to high temper- 
ature, is designated as “ t]||rmopo!ypnea,” contraction under the action 
of heat as “ thennosystalt*’ adapting the bodily temperature to that of 
the environment as " pecilothermal,” and a morbid dread of heat as 
“ thermophobia.” 

The life after apparent death, called “ anabiosis,” is exemplified in such 
cases as that of the Hermetia larvse mentioned above, 

Pain from the application of cold is called “cryalgesia,” abnormal 
sensitiveness to cold “cryesthesia,” and a morbid sensitiveness to cold 
“hypercryalgesia.” 

PRACTICAL APPLICATIONS 

Many practical measures will result from the further study of climatic 
relations to life. A few of these may be indicated. 

One of the most effective measures for the control of the cattle tick is 
pasture rotation based upon the possible duration of life of the seed tick 
without an animal host. As this period varies with the season, it is 
necessary to know the climatic laws under which this species reacts. 

The fall army worm advances across the country and again retreats 
in complete accord with changing temperatures. The proper fixation 
“f the zone of effective temperature may make it possible to plan the 
planting of winter crops to avoid damage. 

The cotton boll weevil must have food up to the time that it enters 
hibernation. Rarly harvesting and destruction of stalks before the low 
temperatures set in offer one of the most satisfactory methods of control. 
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.WeNgi/rra mdka. host fruit of Cfrofdu r^pk 

taia *57 

Mango. Set Mast^ftramdica. 

Manure, green- 

effect of. 00 seed fenadnatioo 1161-1165 

nature of bjunaiis agest in ti66 

relation of— 

tofailttrcof seedlings 1161-1176 

^Hftnany of oil seeds ><74 


Massee, views on origin of Phyiopkkcra 

infesUssss 

Matheson, R., and Herrick, G. W. (paper) 
Observations on the Life History of tu 

Cherry Leaf BeeUe 

Meal, cottonseed, toxic substance in 

MMSumnmt cj tht Winte Cyclt in th, E.l 
Production d Domestic Fowl (naner^ 

Medicago saliva — 

effect of alkali salts on growth of 

resistance of. to alkali 

use of, as a diuretic • • • 3J 24 

Mtditmanoul fruit fly, Stt"ce„m"c,i,i. 

tala. 

MegiUo maculata. agency in dissemination of 

CetcasPera personaia 898-900 

Mtibcmia pmiculoia. host plant of Comandra 

umbeUola 

Meihus, I. E. (paper) — 

Hibernation of Phytophthora infestaLs hi 
the Irish Potato 

7I-t6J 

Perennial Myceliiun in Species of Perono- 
sporaceae Related to Phytophthora in. 



Meter, current, expenments in use inirriga* 



Method of Correcting for vSoil Heterogeneity 

in Variety Tests. A (paper) 10391050 

Micro-organism, soil, factors influencing the 

longevity of 

Milk- 

agglutiaatioD test for presence of Boettrium 

abortus in 871-S73 

flow, effect of diuresis 00 561-568 

Milner. R. D.,and Langworthy.C. F. (paper), 

An Improved Respiration Calorimeter for 

Use in Experiments with Man 299348 

Miner, leaf, sawfly. See Prefenusa coUoris. 
Mineral constituents, translocation of, in 

seeds and tubers of plants 4494>8 

Moisture— 

and temperature, relation of, to spread of 
Diyceliuni of Phylopklfurra infestans ia 

tubers 53 

capillary, effect of temperature on move- 
ment of, in soils :4>“>*5 

movonrat of, between warm and cold 

^ soils 

soil, description of apparatus for determin* 

ing translocation of i4»'‘44 

Jlfonr/io— 

frudigma, parasite of Mdus epp 365,367 

faia. parasite of apricot 

MontisHkorUs— 

mfujconr— 

causal organism of soilstain 998 

description of 7Sir7S^’''^ 

distribution cf ^ 

inoculation experiments with < 

isolation 

leas due to 

morphology of 

pwasite of baial^.. 



taxonomy of 

technical description of genus • 
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Page 

Morphology and Biology of the Green Apple 
Aphis (paper) 955-994 

Mosaic disease— 

distribution of the virus of 251-256 

occurrence of virus in plants of Nicotiana 

(aboiwn 254 

virus of, in placental structure of plants of 

^icoticna tabacum 252-253 

Movement of moisture irom warm to cold 

soil i 4 »-> 5 & 

Mucor sp., parasite of Solanum tubirosam... 186, 

A/aiffSpp.— 

peen fruits of. immunity of. to attack by 

Ceraiilis capitaia 799 " 8 oi 

imm unity crf.toattackby Ceraliiucapilaia 793-804 
Muscular work, apparatus for measAring.. 342-343 
Mustard, white. Sec Brasska alba. 


Needle, penetration- 

use of. in testing bituminous materials . 112 1-1126 

' results of standardization test of 1123 

results of tests of ii:4«n26 

New Interpretation of the Relatlonsliips of 
Temperature and Humidity to Insect De- 
velopment. A (paper) 1183-1191 

New Irrigation Weir, A (paper) 112^113^ 

New Penetration Needle for Use in Testing 

Ditumiflous Materials. A (paper) 1121-1126 

New Spray Nozzle, A (paper) it7rit82 

.YiWj'ena icbacum, distribution of the vims 

ol the mosaic disease in 251-256 

Nitrate production- 
effect of— 

calcium sulphate on 774-77S 

sulphuron 774-7:5 

Nitroseu Content of the Humus of Arid Soils 

(paper) 909-916 

Nitrogen- 

humus, methods for determining 911-913 

relation of, to humus in California soils... 914^15 

North Carolina, petrography of soib of 569-577 

Nozzle, spray, a new ii7;-2i8j 

Nursery, forest, disease in. caused by Peru 

^(fmiumjilamfntofum 781-785 

Nutrition, plant, relation of sulphur tora- 


pounds to. 


2.33-250 


Oak, white. See Quercus alba. 

Oats. See.4rena jorh'a. 

ohservatians on Life History d the Cherry 

leaf Beetle (caper) 

UmirrenccoiManganeseta'Wheat (paper). Me-,,; 
fcMojfoJiW, smAttinanpctschrcm^vfnas. 
UrthoMera, ajency in diasemmation o( Crr- 



ash analyses ol 35„6, 

1.7' Son Tenaperatnres 

Mnenced by Cnltural Methods 

determination of. in flesh of Malus 

iyhaiTts 

112-113 


blackrotof 

host plant of— 

panax 

hi«phihora cactomm 


294-296 


181-182 
• 59767 
291 


Panas Continued. Page 

iaoralation of, with Sderotinia libertiana 

from various sources 292-293 

pathogenicity and identity of ScUrotinia 
libertiana and Sderolinia rtntlacj'na on. . 291-298 

rootrotof 181-182 

whiterot, c^, 291—294 

Pantcum sp., host plant of Comandra umbel- 

134 

Parasitism of Comandra umbellata (paper) . 133-135 
Palhogenicity and Identity of Sclerotinia 
libertiana and Sclerotinia smilacina on Gin- 
seng (paper) 291-298 

Pea— 


I See Piium JulnKTre. 

I Canada field. See Ptsum oftense. 
i Peanut. Sefi Arackts kypofoea. 

I Pearl, R. (paper). Measurement of the Winter 
I Cycle in the Kgg Production of Domestic 

i •’““1 429-437 

I Pearl, R.. and Surface, F. M. (paper), A 
I Method ci Correcting tor Soil Heterogeneity 

. in Variety Tests 1039-1050 

; Pectinase, determination of, in flesh of .Uo/ur 

syhesfrii 11^115 

I Pemberton, C. E., and Back, E. A. (paper)— 

I Banana as a Host Fruit of the Mediterra* 

nean Fruit Fly - , . 793-804 

Kffoct of Cold-Sioragc Temperatures upon 

Nfcditcrranean Fruit Fly 657-666 

: Pcoc trat ion test . a-sphalt , effect of controllable 

variables upon 805-818 

Perennial Mycelium in Species of Peronospo- 
raccae Related to Phytophthora infesians 

fpaper) 59-70 

■ PcriJ<r)Kiutit— 

ferelrum. parasite of Pinus atvaricaia 289 

iimplimi/tr, parasite of Ptntii (murroyona) 


290 

cau>al organism of disease in forest nur- 


series tSi-TSS 

l>arasite of— 

CasUlUja miniaJo 781-785 

Pinus omlorla 783 

Ptnus pondcTosa 7?: 

numtanvm. parasite of Pinus murrayana . . . 7S5 

• Pyr:formf~ 

eicizltorm d Cremartium pyriforme 289 

parasite of— 

Ci’nwndra 289 

Pinur ariroBJffl 290 

Ptnus diiaricaia 1351289-290 

Ptnus {nturreyatta) cenUrrta 133.289-290 

Ptnus pondcresa ijj 

Pmur pondrri'sa scopulcrum I33'290 

Ptnus puHfens J33.290 

Pimir riyida 153.389-290 

two new hosts for 2S9-J90 

spp.. parasites of Qurreur spp . . 783 

Peronosporaceae, relation of perennial myce- 
lium in, to Pkytopkihcra infeslans 59-70 

Per^mespora — 

fl/.imrorwm. parasite of SicUaria media . . ^.59»^,d8 


tjSfusa — 

parasite of— V 

Alripiex he-riensh $9.67 

Spinacia derceca 59< 67. 68 
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Peronospora — Continued. pAte 

ficariat — 

parasite of 64.67 

perennial mycelium in 64.67 

^rirea. parasite of VeroHiea federoe/ofu. . . 39.67,66 

parasite of Lepidhtm virffinicum ... 60^2.67 

Parasitica — 

perennial mycelium in 6o-6>,67 

niffticir, parasite of Pumas acatosa 67 

fcAacilii. parasite of Beta vuif/aris S9>67 

viciee — 

parasite of Vida re^rum 67,64-63 

perennial mycelium in 64-65,67 

Ptrsta QTQlissima, host fruit of Cttatilis capi- 

iala 657 

Petrography of Some North Carolina Soils and 
Its Relation to Thdr Fertilizer Require- 
ments (paper) 569-562 

Pesoporus tenlkredmarum. parasite of Pro/«- 

Mvju coffaru 527 

Pkoitolus vul^aru— 

absorption of boron by 685-865 

analysis of seeds and seedlings of 452 

effect of sulphur on growth of 25$"-259 


trausfocatico of mineral cmstituents of . . 450^454 
PiieliN- 

host plant of Ptuduia prammis 


asfnat aij 

pralens*. host plant of Pucania pUfipro' 

Unsij ai» 

Phalaris canaritnfu. host plant of Pucdnia 

prammis av<mo 4 sir-atj 

Pkama btlae. histological relations to seedlings 

of Bfia vulforu S$*S® 

Physical (acton, relation to transpiration. . 565-625 
Pkytcpkihora^ 
mfeitans— 

development of epidemics of 69-92 

epidemics of. caosed by infected seed po 

Utoes 60-65 

bibenution of, in Irish potato 71-ios 

mlcction renewed by soil-boraeconidia of. 97-96 
mhucBce of temperature on growth of. . . 77-80 

mycelium of in the sod 96 

origin of 96-97 

parasite of Sdonum hibrrofwm 99, 67* 165 

perpetuation of 97 

relation of peminial mycelium in tpedrs 

of PeroDosporarrac to 5 9 -70 

resting spores of 

cmnrvifra. effect of low temperature on 654 

Pierce. W. D- (paper), A New loterprelatioa 
of the Relatwoships of Temperature and 

Humidity to Insect Development 1185-1191 

Pig, pcisontng of, by cottonseed 469-495 

Pme. SeePmiM. 

Pbmu— 


fomlarta— 
host plant of— 

Pehderwuum filamtutomm 765 

Pttidanmum pynforme iiJra*P "»90 

draomoia— 


host plant <d /^eridermisra* Pwfbraw. .. I55»*9® 

murraypua. host plant of PerWeriiMii** mo^^• 



Vol, V 


Pmiii— Continued. 

host plant of Periitrnmm (>»,. 

fotnu 

,iWo. host plant of 
fornu 

^33.289,250 

am««, effect of alkali salts ou growth 

sativum— "" 

absorption of boron by _ 

effect of sulphur on growth of * ^ 

PiU. W. (papar), IMe,t oi ElemfflUlSoloh,.r"‘'’ 
and Caldiim Sulphate on CcrUin ol the 
Higher and Lower Forms of Plant Life t. 

Plasmcpara— " “ 

cubensis. parasite of Cututnts sathvs 

kaistedii- 

parasite of Hflianthus dharicaius.... 65-666* 

perennial mycelium io 

Pypmota, parasite of Ilepalica acutiloba. 55,67 

vttifola, parasite of Vilis vinifera 

Pitnodomut fusurmacuians — ' 

amditionsolgrowthandreproductionof. 7jcr764 ' 

effect of — 

aridity and alkalinity on 734..JJ 

727-w 

air circulation on 

change of inteosity of a factor on 754-75S 

humidity in 

lighten jjo-72i 

quality of food on 743-754 

quantity cf food on 737-743 

temperature on 

growth of 713-769 

parasite of *13 

pycaidium formation of 

Ploocriphtia morhoso, effect erf low tcmpcraTurc 

m 651 

Plum. SeePruna;. 

Plummer. J.K. (paper), Petrography of Some 
North Carolina Soils ami Its Relation to 
their Fertilizer Requirements.... 

Pi>« — 

lomprtssa, host plant of Comatidra unbrl- 

lata W 

prattnsis, host pliut of Conuindra vmbd- 

lata • ^34 

PoAetedheartrot. See Honeycomb heartrot. 

Pod. inheritance erf length erf. in certain 

crosses 

Pool. V. W.. and McKay, M. B. (paper), Rela- 
tion of Stomatal Movement to Infection by 

Cermspora beticola ion-1038 

Popvtus tremulvides. host plant of Comandra 



PoUssium salU, effect on plant growth , . 

Potato- 

beetle. Colorado. See Upimotarsa decemlt- 
ntaUi. 

Irish. See Solanum tuberosum. 
sweet. Snlpomoea batatas. 

tuber-rots 

PoUnliUa mmsptlientis. host plant of 0 

Pritch«d, F. F., .nd Hubbard P. (paP '>■ 

EOurt ol CoutroUablo VarubUs “ 
Pnirtratiun Tost lor Asphalts and 
Cements 
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Page 

Pritchard. V. P-, and Reeve. C. S. (paper). A 
fjew Penetration Keedle for Use in Testing 

Bituminous Materials ii2i-iij6 

prociphilus— 

ac^rir. description of inS 

description of 1118 

description of 1118 

corrttQatttfis, description of 1118 

frami-dcpttalM, syn. ProciphUm vena- 

fuscus 

tmbrualor, description of 1118 

PoptUieonduplifolius. descriptitm of n 18 

description of 1119 

^yri. description of 1116,1118 

Ussellatus, description of 1 1 19 

Mua/iwcwi. descriptionof 1119 

ryiaitii, description of 1119 

Pfofenusa cdUuit— 

controlof 5*r5** 

descriptionof 

distribution of 5J<r-S« I 

euemiesof S*<^5>7 

habits of Su-SJ^ 

injury to Prunuj spp. by 

life history of 5»4-s*6 

parasite of— 

Crar«tf«J8pp 5i9"5*o 

Ptunusipp Sir’S*® 

Protease, detenninatkai of, in flesh of Malvs 

tylteslrii rt3"ii4 

Protozoa, soil- 

activity of 477~488 

encystmeitof 485*487 

separation of 137-140 

Prunui— 

PtnnsyhmKO, host plant of GaUmaUa 

cffsitoHis 944 

spp — 

host plant of— 

Monifuspp 365 

Proftnush ccUaris 5i9’-S»o 

ScUrolinia spp 365-366 

hybrids used in experiments with brown- 

rot 369-370 

relation tannin cantent of, to reistance 

toSeferofinw spp T 389-390 

resistance erf, to brownrot 369,3:9-383,3871 

susceptibility of, to brownrot 587 

varietal resistance of, to brownrot 365-396 

PrfudffffWBOf — 

fawpejfrii, effect <rf low temperature on 654 

rarfiricofa, loogevity of, under varying 000- 

‘‘’*™ 

i*uc«nto— 

vraminit— 

'twRoe, parasite of cereals and grasses.. 313,115 
AofrffiVparasite of grasses and cereals. . . 113, 115 
^Uei^ro/fflrii.iafection experiments with 111-316 
Pycnidium formation in Plfnodomus /iwtw 



^wnnw.hostplantQl/eoeilrfioiofeaeniw. 1005 
. host plant of Roeitelia kor«wn- 

rw . 

1005-1006 

Quercitr— 

character of honeycomb hcartrot in . 433-414 
””40, host plant of Contmira HmMfolo . . 134 


Continued, m Page 

digitata, host plant of Imandra umbeilata . . 134 

mariiandica, host plant erf Comandra umbeU 

lala 134 

nana, host plant (rf Comandra umbdlala 134 

spp — 

honeycumb hearlrut of 421-428 

host plant of — 

Peridernium spp 783 

spp 42t 

Stereum subpueatum 421.437-428 

Radish. See Raphanus saihits. 

Hand, F. V. (paper), Dissemination of Bac- 
terial Wilt of Cucurbits 257-260 

Ransom, B. H. (paper), Effects of Refrigera- 
tion upon the Larvae of Trichlnella spira- 
lis 819-854 

i?an«»cu/wi — 

fasandafis, host plant <rf Peroncsporafica- 

ftoe 59*64>67 

ficafia, host plant of Peremosporajicaruu. ■ . 64, 67’ 
Rape. See Brassiut napus. 

Raphanus saiii’us — 

absorption of boron by A 885 

effect of sulphur on growh of ^*-*43 

Record, autographic transpiration 1*8-130 

Reeve, C. S.. and Pritchard, F. P. (paper). 

A New Penetration Needle for Use in Test- 
ing Bituminous Materials 1121-1126 

Refrigeration, effect erf, upon larvae of rrieW- 

neUa spiralis 819-B54 

Relation between Certain Bacteria) Activities 
in Soils and Tbeir Crop-Producing Power 

(paper) 855-869 

Relation between the Properties of Hardness 
and Toughness erf Road-Building Rock 

(paper) 903*907 

Relation of Green Manures to the Failure of 

Certain Seedlings (paper) 1161-1176 

Relation of Stomatal Movement to Infection 

by Cercosporabeticola (paper) 1011-1038 

Relation of Sulphur Compounds to Plant 

Kulrilion (paper) 233~a50 

Rcsbtance, varietal, of plums to brownrot.. 365-396 

Respiration— 
calorimeter- 

conditions affecting and measurement of 

heat in 315-543 

improved 399-348 

test of accuracy of 344-546 

chamber, construction erf 302-304 

Respiration Experiments with Sweet Pota- 
toes (paper) 509-SI 7 

Respiratory exchange in respiration chamber, 

determination of 304-314 

RhiZorUmia sp. — 

effect of. on germination 1173-1174 

parasite of 5(rfonum (trfterorum i$6. 201,203 

RkizoPus nigricans, parasite of Sofunuw b*- 

icrortiw 183 

Rhus foPaUino, host plant of Comandra um- 

bcUata 134 

Rice- 

polished, effect of feeding to pigs 490-49* 

See also Orysa salha. 

upland, ash composition of. at various stages 

of growth 357 

J?tr*Nur rommwiiu. composition of seed erf. . . 1161 
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^ P«£e 

Riperot. occurrence of, i ' niMtuspp | 

Road, concrete, apr iratus ior measuring the ^ 

wear of ' 

Roasting-ear worm. See Htliotku cbsoltia. 

Rock, road-building— 
relation between'the i>roperties of hardness 

and toughness 903-907 

tests of 903-907 

RoesUlia — 
koftatnsis — 
occurrence of— 

in America 1004-1006 

in Japan 1004 

in OregQQ 1003-1006 

parasite 

C ydonia I’ulgaris too$ 

jtTifTijir 1003-1006 

relatiooof.toGiiPUior^aa^miofeoenre. 1004 - 
too 6 

pkohnue, s^'n. Gymnosporanfftum pkoitniat. 
Rommel, G. M., and Vedder, E. B. (paper). 
Beriberi and Cottonseed Poisoning in Pigs. 4 *^ 

C 493 
I, occurrence of, in Pjujr 

imm iSl-lftj 

PflW — 

i/dn</d, host plant of umfvl/atd... 134 

canma. host plant of CermanJra umb<Uata... 134 
Robcnbaum. J. (paper). Pathogenicity and 
Identity of Sclerotioia libertiana and SdetO' 

tiniasmilacina on Ginseng 791-996 

Rosenbaum, J.. and Zinnsmeister. C. L. (pa* 
per), Aitemaria pana.x. the Cause of a Root* 

rot of Ginseng jSj-xSs 

Rot— 

brown, varietal resistance of phims to . . . 365-396 

dry. caused by /'ajuriam spp i 9 S-joi 

field and storage, occunrore of. in Sefenam 

iwtffcmm 

heart— 
honeycomb — 

distribution of 4 * 7-416 

occurreiur of. in (/acrou spp ari-ait 

resemblance to other rots 474 - 4 *! 

pocketed, bee Honci-comb heartrot. 
fetly-end, caused b> Aatariuin radi.icafo. 104-195 

ripe, ocairrencecf. in r'aaatspp 366 - 3*9 

root.occufrenceof.in Paa«t ^aiagae/t'/iaMi . 161 - 

i*> 

white, occurrence of. in Pa»ax ewineac* 

/cVww » 9*-»94 

ittmadfMju, host plant of Coman^fo amfief* 

*34 

Pformmhenj, best plant of unf 

btUala *34 

nffoiwr. hort plant of . 134 

i 7 a>ii«r ocetow, boat plant <d Pernnospofa 



Rust, timothy. See PucePtia pUeipraUrui. 

Rye. See Steal* ctreaU. 


Scferotriiia — 
cmcTM— 

effect of low temperature on ... . 
parasite of Ptuhms spp 

toxicity ol fruit acids to 

/ructigena. parasite of Primus spp. 

ioM. parasite of Pfimw spp ‘ ' 

/tierluno — 

identity of 

pathogenicity erf 

imtforma — 

identity (rf 

pathogenicity of 

spp.— 

parasite cl Malus spp 

pathological relalic«s erf 

physiologiial relations. . 


Vol, V 


Page 


... 655 

• 365-366 


••• 366 
• 365-366 


■ *91-298 
291-29S 


• 291-298 

• 291-298 


365 

374-596 

relation orf lannm content of. to resistaace 

of Prunus spp 

taxonomy erf 

Scurf orf Ipomota batatai— 

appearance ol 

injury caused by 

occuiTencc ol 

distribuliun oJ 

Stiolt ftttaJt— 

host pluDt oi Pucemio phleipraitnsis 211-213 

ocTurrenre erf manganese in 3 jj 

transpiration of 

Sce<l- 


376^374 
.... 7S? 

.. 7 iir^S« 
. 995 ->M 2 
.... :8, 


effect of green manures on eennination of. 


tlliil- 

1163 


63 


tawiKfffertnl. on iwmlMlloo 

nd pswU d aaft 



»-S 3 

ptofenusa eirffcm. 
ifriratka. descriptkio 

iiru» 


oil. relation ol green manure to injury of, 

Separation ol Soil Protozoa (paix'r) 3.3r34o 

Serious Disease in Forest Nurseries Caused 
by Peridmnium filaracotosum, A (pa- 
per) 781-785 

Shanu. H. L..and Briggs, L. J. (paper)— 

An Atitonidlic Transpiration Scale of 
Large Capacity for Use with Freely Fv- 

posed rUnts 117-132 

Hourly Transpiration Kate on Clenr Lays 
as netn-miiieil by C> die Unvirorunenta! 

Factors 5i*i“6s9 

Shedd. 0 . M. (pai»en, Variui,.i:>s iti Mineral 
I Composition erf S131. Ix^ave.s and Stems of 
I the \tiM-C.r.ijw Vine and Sugar-Maple 

j Tree 5?r543 

' o'fifiw.i/f, host plant of Cy'fi'^pvs 

j canJidut 

[ 5wi/aenio rcf-iihs of inoculation 

with StlfriHinia siHiiiuina 293"296 

Smith. E. F.. and Bryan, ^f. M- (paper), 

AnguUr Lealsput of Cucumbers 465-476 

Sodium— 

effect of. on milk flow 562-363' > ' •' 

■rsenilf. effort of. on plaut yrnwili 459-4 

mUj. HTect frf. on plant growth ‘6 

■rill, nitrogen content of hiimusol 

hirteria— 

effect rrfoiHum sulphate on ' 

effect <rf sulphur on " 

factors influencing Jongcvily " 



rrtaUon ol, to aop-pralu™i: ^ 

Icmtame transliKition 
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guy— Continued. Page 

conditions, effect oa protoioa 479-485 

effect of— 

aEkali salts in, on germination and growth 

of crops 1-53 

Vijna sintnsis on prc^)CTtic9 of 443-447 

heterogeneity of, in variety tests, method 

of correcting for 1039-1050 

jforth Carolina— 

mincralogical compOsiticKi of 571-580 

relation of petrography of, to fcrtiliter re- 
quirements 569-582 

yields of Gorry^wm spp. on 578-580 

Utah, analysis of 14 

protoioa— 

activity of 477-488 

separation of X3T-r4o 

properties of. influence of growth of Vtfna 

sinensis on 439-448 

type erf, effect on germination 1167 

Soil Temperatures as Influenced by Cultural 

Methods (paper) i 73-»79 

* Soilstain— 

causal organism of 998 

effect of, on Ipomoea bclaiis 996 

factors favorable to de\'clopment of 996 

symptoms of 996 

Soilstain, or Satrf, of the Sweet Potato 

(paper) 995 - 4 «oa 

Soji mas. See G/yct'ne. 

Sokmm— 

jasminoules, host plant of LepUnoiofsa it- 

ctvdineista 917 

{ukroium— 

absorption of boron by 879-884 

analysis of 457-458 

growth of mycelium of Phylophihora in- 

!ettans\n 74-80 

hibernation of Phytophihora infesUms in. 71-102 
host phnt of— 

Fusarivmspti 183-203 

i-tptincUiffadtcfmiiueata 917-926 

Phlopkthora tnfeslans . . . 59,66,67,71-102.183 
Rhizopus niffSKans j 5 l 3 

SpOToirichumfiavissimum 186 

VerlicUliumalbo-alrum.... 186 

infection of. by coiiidia of Phlophthora 

. 

inoculation of. with rf^uioriuin spp 201-203 

relation of progeny of. to Pkytaphthora in- 
feslans in parent tuber 93-96 

translocation of mineral consUtuenls of. 45r458 

radiation, relation of, to transpiratiou. 631-634 
Midago — 

host pbnt of Comanira uni>eUata. . 134 

^ 410 , host of plant erf Comandra umbeUata, 134 

TMtteea, host plant of Cimaurfro wmAtUate.. 134 

w«wa/whostplantofCowc«drai4«6dfafa. 134 
Some IW t 134 

.01 

®Ptcie8, new 


spore, resting, of PkyUn^^a infestan: 

Spototrickun Aaiissimum, parasite (rf Su/o- 


Pag' 
98-9 1 


n«« tuberosum 

Spray — 

advantage of flneness in . , . 
advantage erf uniformity in 

flat, advantages of 

production of 

variations in fineness of . , . . 

nozzle, new 

adjustment of 

use of 


186, 2Or-20 , 

. 1179-1180 ^ 

. II79-II8C - 
1 ' 79 ’ ' 

. . 1177-1179 '■ 

'% 

■ ■ ii77-ii82.^-. 

1181 

I[P; ; 


Stakman, E. C., and Jensen, L. (paper) Infec- 
tion Experiments wirh Timothy Rust. . . 211-316 
Star-apple. See Chrysopkyllum oainlo. 

Steenbock. H. (paper). Diuresis and Milk 

Flow 36 i . 0 j 

SleUatia media, host plant of Peronespora 

dsnuarum 59,67,65 

Stereum sstbpilealum— 

causal organism of honeycomb heartrot, . 421-42? 

description of sporophore of 426 

distribution of 42^ 

Slizolobium — 

iterinmnum. effect of crossing on length of* 

wd 405-420 

nireMw. effect of crossing on length of pod . 405-429. 
Stoma, movement of— 

factors influencing 1012-102? 

relation erf. to infection by Cercospora beti- 
fda leii-ioj? 


42^4*^ 

rif* 


Sugar- 

beet. See D<la lu/yu/u. 
effect of— 

on ammonificaiion 116? 

on carbon-diuxid evolution ii69-:t72 

maple. See A eer socckaru m. 

Sulphur- 

effect of. on growth of plants 77i“?f^- 

compounds. relation of, to plant nutri* 

tion 233-25'’ 

Sunflower. 2>fxHflianihusannuus. 

Surface. F. M., and Pearl, R. (paper), A 
Method of Correctiug for Soil Heterogeneity 

in Variety Tests 1039-1052 

Surface floats, measurement of water velocity 

with 222-22*1 

Sweet potato. See /^omora 6a{ator. 

Sweet-Potato Scurf (paper) 787-791 

Swine- 

deviations per generation in size of litter 

iu 1150,1152 

fertility in, noagcnetic factors affecting. 1146-1 14? 

valueof herdbook data 1148-1:4? 

individual e^-idences of segregation in. 1154-1155 

inheritance of fertility in 1145-1162 

litter frequency in 1149-115.? 


Tannase, determination erf, in Malus sylres- 

tris II. 

Taubenhaus, J . J. (itaitcr), Soilstain, or Scurf. 

erf the Sweet Potato 995-100; 

Temperature — 

cold-storage, effect erf. on CrraJi/iseapi/aJa . 657-66^ 
effect of. on movement of water and vapor. 


and capillary moisture in soiU 141-17- 

effective, in insect development 1185-119}' 



I206 


Journal of Agricultural Research 


Temperaturr— Continued# 

effect of, on germinat^j^ of plants Ji68 

influence of. on growtli (rf mycelium <rf Pky- 

taphthora mfeiioHS 77^ 

loweffectof.oacertainfunBiandbacteria. 6siHiss 

relation of— 

to insect development 

to spread of mycelium of Phylopklhora 

infystans in Sofo*«*« tubtrosum. J3 

soil— 

as inHuenced by cultural methods i73-»7» 

effect of different cultural methods t74"r79 

TerMifioiia cala^^a. host fruit of CtralHis cap- 

Mo ‘■5’ 

ThatchCT. R. W. (papfr). Etunns oi Appfes 
and Their ReUtion to the Ripening 

Process 

TkurhfTKX Ikisptiiouies. host plant of Antluy 

intmus ffrandii 

Timothy rust. See Puidnia pkleipraUnsti. 

Tomato. See Lytoprrsuon tsc%Utntum. 

Toltingham. W. E., and Hart. K- B. (paper). 

ReUtioo of Sulphur Compounds to Plant 

Nutrition aiT^S® 

Tot^^.'T. Daniel G. (paper). Biology of Apan- 

te<,smiUtans 495 - 50 ® 

Translocation of Mineral Constituents of 
Seeds and Tubers of Certain Plants During 

Growth (paper) 449-45® 

Transpiration- 

plant, measurement of S®3”5®J 

relation of— 

to environmental factors 

to cvaporatkin 634-®.t7 

to solar raduiion *-^34 

graphs, compnrisoo of 6j7-^3t 

rate, hourly, on clear days as determined 

by cyclic envinmmental factors 5®3-®SO 

scale, autcsnalic, for use with freely ex- 

p(ised(daots **^*3* 

TrrawfJo kemitnu. Syn. Gymnetporon- 
fmm kcftofnit. 

Trichinae. See Trukhulia sptralu. 

Trukin^ iptralit-' 

effect of— • 

artificial dig«tion upon 847 “* 5 o 

refrigeration upon larv* of ®i9-®54 

refrigeratkio upon vitality of 8»r®45 

varialkais in vitality erf 

TrttW«*»"w mmuturn. parasiteof Prvftnusa 



Tri/pfnim— 

prtUnu. effect of sulphur 00 growth cf — ^yr 
a4i.77®-7?9 

ipp — 

effect of— 

on 

00 carbon-dkneid evolutkn 1169-1170 

onimlliMtioooiTMtamMds.... Il6r-n» 
Tnfirt*"*— ^ . 

•esteaiw.eflecloftlkaUsalUoofrowthof.. *-ii 

occiwrence d manganese to 353 

- 

c*^inptiaitioa d seeds d ’_i a 

effect dgreenmanure on genmnatjood. 1* 3 


Page j rriiiciiHi— Continued, 
spp.— Continued, 
method of correcting for yield of, 


Vol. V 


Page 


... 104:. 
1044-1045 


349-555 
. • 22-24 


occurrence of— 

iron in 

manganese in 

resistance <rf , to alkali 

vulgart, inoculation of, with Puccmiaphle 

praUnjis 

Tuh<T-rot, ocnirrmceol. SoM%mlubmsum 183-^ 
Tumors in domestic fowl- 

frequency of occurrence of 

structure and location of 

Turmeric. See Cwnima longa. 

Turner. W. K., and Baker, A. C. (paper), 
Morphology and Biology of the Grefri 

Appl, Aphis 

Two New Hosts for Peridermium pyrifonne 
(paper) 


397-404 

400-403 


Urea, effect of, on milk flow . 


289-290 

563-566 


V'orrmmm — ^ 

aitococnim. host plant of Comandra uiu- 

btilcta 134 

niemm, host plant of Cimandra umbellola . . 134 

tcriffawr, host plant of Comandra umbtUalo . 134 

Valleau. W. D. (paper). Varietal Resistance 

of Plums to Bro\vn*Rot 365-396 

Vapor, water, effect o( temperature on mov^ 

meat d. in soils 141-173 

Varialioas in Mineral Composition of Sap, 
Leaves, and Stems of the W’ild-Crapc Vine 

and Sugar-Maple Tree (paper) 539*54! 

Varietal Resistance of Plums to Brown-Rot 

(paper) 365*396 

Variety tests, a mcthinl of correcting for soil 

heterogeneity in leso-'^so 

Veal, immature- 

comparison with mature beef 667-‘IJ 

digestibility of 684-798 

Vedder. E. B.. and Rommel. G. M. (paper), 
Beriberi and Cottonseed Poisoning in Pigs 4!V493 
Velvet bean. Florida. See SUzoUium deer- 
in^ianum. 

Vnlorio cUfft ol luw tempcralore 

6!* 

Vttmica UdtratHia. host plant of Peronc 

.. 59>ft7;66 



Verticals, effect d varying numbers of. on 

the accuracy of current meter gaugings. . 2=6-23: 

oa«-oi,um. par.s,<B of S*-™ 



K„,'a .Oh,.™, h«t plant ol , 

ririoe . 

Vifrna ftnfnns-' ^ ggj 

absorption of l>oron by 

tffert of growth of. upon soil 

of growth of. upon propertus ol 


tbmirgtim d borai by . 


stersss 


influence 

soil 

Vihri— 

cprdifoiia— 

composition of— 

leaves 

sap 


_,r44® 


SJHJ* 

sw-ws 

yfrSjS 

S29'54! 

67 



Index 


1207 




-Mar- > 7 . *97* 


-le S« ^“7 sacclarmum. Past 

'iLiB soils. «“!*«“" ™ 

111-171 

and ofl'Ot ol “ 

Lublication.aimounc™e,.tol.. . 

, a and Hubert. E. E. (paper), A 
i Disease id Forest Nurseries Caused 

7 u,demiiumfilaideiitosum 78.-78S 

r 

ct- 

efleciof" 

iutiwdischaraeof ms 

Jig m discharge of iti 9 

^alormulafor irjs-ittl. 

Ssllo” 

"et 

MStmction td 1111-1113 

disckwi'o” 

Kpeiinental and computed discharges 



ureal 

Jlch”" 

MWlllo**'®*** 1073-108’ 

drciilar.aow through ie *8 

idjer, requirements of. for free flow.. iofcS-1090 

flow through 1031-1113 

(Sect of contractions upon 1051-1098 

measurcinent of head in 109^1091 

relaiioaofnotchlwigthto lo^S-not 

rectangular, flow through 106^-10:5 


War — Cwitioued. Page 

ncAch— tontinued . 

submerged, flow through noi-iic< 

triangular, flow through 1083-10' 8 

Wentworth, E. N., and Auhel, C. E. (paper). 

Inheritance of Fertility in Swine 1145-1160 

Wheat. Sec Triticttui. 

Wilson, views on perpetuation of 

tn/eilam 97 

W'ilt. baclfrial, trf cucurbits. disseminali(jn 

of 257-360 

Withers. W. A., and Carruth, F, E. ("paper} 
Cossypol. the Toxic Substance in Cotton- 
seed Meal 261-188 

Wolf. F. A. (paper), Further Studies on Pea- 
nut Leafspot 89J-90* 

Woodworth. C. W. (paper), A New Spray 
Nozzle 1177-1182 

Zta mays— 

absorpi ion of bof c« by 884 

composition of seeds and seedlings cf 45^4* 7. i j6a 
effect of— 

alkali salts on growth of ajfl 

green manureon germination of. ii6:»Jj6s-n66 
translocation of mineral constituents of . . *5 457 

occurrence of manganese in 353 

resistance of. to alkali ti~U 

Zinosmeistcr. C. L-. and Rosenbaum, J. 
(paper). Altcmaria panax, tbe Cause of a 
Hootrot of Ginseng i8i-i8j 



ADDITIONAL COI’IK.h 

or THIS Pt'BUCATtOS MaY HE PROCVREH fROM 
THE RUPERI.VTEJfWEST OP IhKIMRNTS 
(XtVERNMENT PBJ?rnNO ymc^.► 
WA3U|SOT«X, D. C. 

AT 

10 CENTS PER corv 
SoiiacRimoN 1 ’rice, tioo I’ta Year 
• V 








